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FORENORD 

Highway engineers  i n  t he  Un i t ed  S ta tes  have been r e l u c t a n t  t o  s p e c i f y  
permanent t i ebacks  as t he  p r imary  suppor t  f o r  highway s t r u c t u r e s .  They 
a re  concerned about t he  l a c k  of da ta  on l i f e  expectancy o f  co r ros i on -  
p r o t e c t e d  t iebacks  and t he  a b i l i t y  of founda t ion  s o i l s  t o  s u s t a i n  long-  
term loads w i t h o u t  excess ive movement. 

Th is  r e p o r t  descr ibes t iebacks  and t h e i  r appl i c a t i  ons t o  highway work, 
rev iews t h e  uses o f  t i ebacks  , i n v e s t i g a t e s  t he  causes o f  t he  few r e p o r t e d  
f a i l u r e s ,  ma in l y  i n  Europe, looks  deeply i n t o  the  problem of c o r r o s i o n  
and creep and develops recommended procedures t o  assure l ong  l i f e  t o  
permanent t i ebacks  . Th is  r e p o r t  c o n s i s t s  o f  two vo l  umes : the  Execut i  ve 
Summary, FHWA/RD-82/046 and t h e  f u l l  r e p o r t  "Tiebacks ," FHWAIRD-82j047. 

S u f f i c i e n t  cop ies o f  t h e  r e p o r t  a re  be ing  d i s t r i b u t e d  t o  p rov i de  a  
minimum o f  two copies t o  each r e g i o n a l  o f f i c e ,  one copy t o  each d i v i s i o n  
o f f i c e  and two copies t o  each S t a t e  highway agency. D i r e c t  d i s t r i b u t i o n  
i s  be ing  made t.o t he  d i v i s i o n  o f f i c e s .  

P ichard E .  Hay, 
O f f i c e  o f  Engineer ing 

and Highway 3pera t ions  
Research and Development 

NOTICE 

Th i s  document i s  d isseminated under t h e  sponsorsh ip  o f  t h e  Department o f  
T ranspo r t a t i on  i n  t h e  i n t e r e s t  of i n f o rma t i on  exchange. The U n i t e d  S ta tes  
Government assumes no l i a b i l i t y  f o r  i t s  con ten ts  o r  use thereof .  The con ten ts  
o f  t h i s  r e p o r t  r e f l e c t  t he  views of t h e  c o n t r a c t o r ,  who i s  r e s p o n s i b l e  f o r  
t he  accuracy o f  t he  da ta  p resen ted  here in .  The con ten ts  do n o t  n e c e s s a r i l y  
r e f l e c t  the  o f f i c i a l  p o l i c y  of t h e  Department of T ranspo r t a t i on .  T h i s  r e p o r t  
does n o t  c o n s t i t u t e  a  s tandard,  s p e c i f i c a t i o n ,  o r  r e g u l a t i o n .  

The Un i t ed  S ta tes  Government does n o t  endorse p roduc ts  o r  manufacturers.  
Trade o r  manufacturers '  names appear h e r e i n  o n l y  because they  a r e  cons idered 
e s s e n t i a l  t o  t he  o b j e c t  o f  t h i s  document. 
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PREFACE 

This report presents a summary of current tieback technology. 
Recommendations for the corrosion protection, design, specification, 
and testing of permanent and temporary tiebacks are included. 
Tieback applications and construction methods are also described. 

This report is intended for use as a reference and a guide for 
design engineers, construction engineers, contractors, and 
inspectors. 
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CHAPTER 1 - I N T R O D U C T I O N  

A t i e b a c k  i s  a  r e l a t i v e l y  new c o n s t r u c t i o n  element which c a n  be used t o  
t r a n s f e r  l o a d  t o  a n  anchor  formed i n  t h e  ground. Tiebacks  have been 
deve loped ,  i n  a  l a r g e  p a r t ,  by s p e c i a l t y  c o n t r a c t o r s  who d e s i g n  and b u i l d  
temporary e x c a v a t i o n  suppor t  sys tems.  Each c o n t r a c t o r  h a s  evolved h i s  own 
methods o f  performing t h e  work, and many o f  t h e  t e c h n i q u e s  a r e  p r o p r i e t a r y .  

Permanent t i e b a c k s  have been used t o  suppor t  s t r u c t u r e s  i n  Europe s i n c e  
t h e  mid-1960ts ,  and s i n c e  t h e  e a r l y  1 9 7 0 ' s  i n  t h e  United S t a t e s .  In t h e  
Uni ted  S t a t e s ,  permanent t i e b a c k s  have n o t  been f r e q u e n t l y  used because  t h e  
e n g i n e e r i n g  p r o f e s s i o n  h a s  n o t  found adaqua te  answers t o  t h e  fo l lowing  
q u e s t i o n s :  

1 )  Can t h e  t i e b a c k  tendon be p r o t e c t e d  from c o r r o s i o n ?  
2) W i l l  a  t i e b a c k  m a i n t a i n  i t s  load  w i t h o u t  e x c e s s i v e  movement? 
3) What t y p e  o f  t e s t  should  be used t o  v e r i f y  t h e  shor t - t e rm and 

long-term load  h o l d i n g  c a p a c i t y  o f  a  t i e b a c k ?  
4 )  Where c a n  t i e b a c k s  be e f f e c t i v e l y  u s e d ?  
5)  How c a n  t i e b a c k s  be s p e c i f i e d ,  s i n c e  many t i e b a c k  sys tems a r e  

p r o p r i e t a r y  and a n  a c c e p t e d  s t a n d a r d  o r  code does  n o t  e x i s t ?  

Th i s  r e p o r t  i s  i n t e n d e d  t o  h e l p  answer t h e s e  q u e s t i o n s .  It summarizes 
t h e  c u r r e n t  s t a t e - o f - t h e - a r t  concern ing  permanent t i e b a c k s ,  and makes 
recommendations f o r  improvements i n  c u r r e n t  p r a c t i c e .  The w r i t e r  h a s  
a t t e m p t e d  t o :  

1 )  Show a  v a r i e t y  o f  a p p l i c a t i o n s  t o  i l l u s t r a t e  how permanent t i e b a c k s  
have been s u c e s s f u l l y  used.  

2) P rov ide  g u i d e l i n e s  f o r  d e t e r m i n i n g  whether  o r  n o t  permanent t i e b a c k s  
c a n  be used a t  t h e  s i t e .  

3 )  Develop t i e b a c k  c o r r o s i o n  p r o t e c t i o n  recommendations which e n a b l e  
t h e  e n g i n e e r  t o  de te rmine  t h e  p r o t e c t i o n  r e q u i r e d  based on f o u r  
s imple  t e s t s .  

4 )  P rov ide  g u i d e l i n e s  f o r  e s t i m a t i n g  t h e  load  c a r r y i n g  c a p a c i t y  o f  t h e  
t i e b a c k s .  

5)  P rov ide  g u i d e l i n e s  f o r  d e v e l o p i n g  a  performance s p e c i f i c a t i o n  which 
would e n a b l e  t h e  e n g i n e e r  t o  s p e c i f y  permanent t i e b a c k s  wi thou t  
e l i m i n a t i n g  s u i t a b l e  p r o p r i e t a r y  sys tems.  

6 )  Recommend a  t e s t i n g  procedure  which c a n  be used t o  v e r i f y  t h e  
shor t - t e rm load  h o l d i n g  c a p a c i t y  o f  each t i e b a c k  and p r e d i c t  t h e i r  
long-term load  h o l d i n g  behav io r .  

T h i s  r e p o r t  i s  n o t  i n t e n d e d  t o  be a  cookbook w i t h  a  s t e p  by s t e p  
d e s c r i p t i o n  o f  a  t i e b a c k  i n s t a l l a t i o n .  It does  p rov ide  t h e  e n g i n e e r  w i t h  t h e  
background and i n f o r m a t i o n  n e c e s s a r y  t o  c o n f i d e n t l y  u s e  permanent t i e b a c k s  t o  
s u p p o r t  a  v a r i e t y  o f  s t r u c t u r e s .  



CHAPTER 2 - DEFINITIONS AND TIEBACK TYPES 

A t i e b a c k  sys tem i s  a  s t r u c t u r a l  sys tem which u s e s  a n  anchor  i n  t h e  
ground t o  s e c u r e  a  tendon which a p p l i e s  a  f o r c e  t o  a  s t r u c t u r e .  F i g u r e s  1 
and 2 show t y p i c a l  t i e b a c k s  and t h e i r  components. V e r t i c a l  o r  n e a r  v e r t i c a l  
t i e b a c k s  a r e  c a l l e d  t iedowns.  ~ i e b a 6 k s  a r e  a l s o  r e f e r r e d  t o  a s  ground 
anchors  . 

Tiebacks  a r e  used f o r  temporary o r  permanent a p p l i c a t i o n s .  A temporary 
t i e b a c k  i s  used d u r i n g  t h e  c o n s t r u c t i o n  o f  a  p r o j e c t ;  i t s  s e r v i c e  l i f e  i s  
u s u a l l y  l e s s  t h a n  two y e a r s .  Apermanen t  t i e b a c k  i s  r e q u i r e d  f o r  t h e  l i f e  
o f  a  permanent s t r u c t u r e .  

The t endon  i s  made up o f  p r e s t r e s s i n g  s t e e l  w i t h  s h e a t h i n g ,  and a n  
anchorage.  The anchor  t r a n s m i t s  t h e  t e n s i l e  f o r c e  i n  t h e  p r e s t r e s s i n g  s t e e l  
t o  t h e  ground. Cement g r o u t ,  o r  p o l y e s t e r  r e s i n ,  o r  mechanical  anchors  a r e  
used t o  anchor  t h e  s t e e l  i n  t h e  ground. The anchorage i s  made up o f  a n  
anchor  head o r  n u t ,  and a  b e a r i n g  p l a t e .  

The anchor  head o r  nut i s  a t t a c h e d  t o  t h e  p r e s t r e s s i n g  s t e e l ,  and 
t r a n s f e r s  t h e  t i e b a c k  f o r c e  t o  a  b e a r i n g  p l a t e  which e v e n l y  d i s t r i b u t e s  t h e  
f o r c e  t o  t h e  s t r u c t u r e .  Anchor heads  c a n  be r e s t r e s s a b l e  o r  
n o n r e s t r e s s a b l e .  A  r e s t r e s s a b l e  anchor  head i s  one where t h e  t i e b a c k  f o r c e  
can be measured o r  i n c r e a s e d  any t ime d u r i n g  t h e  l i f e  o f  t h e  s t r u c t u r e .  The 
load c a n  n o t  be a d j u s t e d  when a  n o n r e s t r e s s a b l e  anchor  head i s  used.  A 
c o u p l i n g  c a n  be used t o  t r a n s m i t  t h e  anchor  f o r c e  from one l e n g t h  o f  
p r e s t r e s s i n g  s t e e l  t o  a n o t h e r .  

The anchor  l e n g t h  i s  t h e  des igned  l e n g t h  o f  t h e  t i e b a c k  where t h e  
t i e b a c k  f o r c e  i s  t r a n s m i t t e d  t o  t h e  ground. The tendon bond l e n g t h  i s  t h e  
l e n g t h  o f  t h e  tendon which i s  bonded t o  t h e  anchor  g r o u t .  Normally t h e  
tendon bond l e n g t h  i s  e q u a l  t o  t h e  anchor  l e n g t h .  The unbonded l e n g t h  o f  
t h e  tendon i s  t h e  l e n g t h  which i s  f r e e  t o  e l o n g a t e  e l a s t i c a l l y .  The j a c k i n g  
l e n g t h  i s  t h a t  p o r t i o n  which i s  r e q u i r e d  f o r  t e s t i n g  and s t r e s s i n g  o f  t h e  
t i e b a c k .  The unbonded t e s t i n g  l e n g t h  i s  t h e  sum o f  t h e  unbonded l e n g t h  and 
t h e  j a c k i n g  l e n g t h .  A s h e a t h  o r  bond b r e a k e r  i s  i n s t a l l e d  o v e r  t h e  unbonded 
l e n g t h  t o  p r e v e n t  t h e  p r e s t r e s s i n g  s t e e l  from bonding t o  s u r r o u n d i n g  g r o u t .  
The anchor  d i a m e t e r  i s  t h e  d e s i g n  d i a m e t e r  o f  t h e  anchor .  

Anchor g r o u t  i s  used t o  t r a n s m i t  t h e  t i e b a c k  f o r c e  t o  t h e  ground. The 
anchor  g r o u t  i s  a l s o  c a l l e d  t h e  p r imary  g r o u t .  Secondary g r o u t  i s  i n j e c t e d  
i n t o  t h e  d r i l l  h o l e  a f t e r  s t r e s s i n g  t o  p rov ide  c o r r o s i o n  p r o t e c t i o n  f o r  
unshea ted  t endons .  

T iebacks  c a r r y  v a r i o u s  l o a d s  d u r i n g  t h e i r  l i f e t i m e s .  The d e s i g n  load  i s  
t h e  maximum a n t i c i p a t e d  load  t h a t  w i l l  be a p p l i e d  t o  t h e  t i e b a c k .  The t e s t  
load  i s  t h e  maximum load  a p p l i e d  d u r i n g  t e s t i n g .  The lock-of f  load  o r  - 
t r a n s f e r  load  i s  t h e  l o a d  t r a n s f e r r e d  t o  t h e  t i e b a c k  upon complet ion o f  
s t r e s s i n g .  The a l ignment  load  i s  a  nominal load  main ta ined  on a  t i e b a c k  
d u r i n g  t e s t i n g  t o  keep  t h e  t e s t i n g  equipment i n  p o s i t i o n .  The l i f t - o f f  load  
i s  t h e  l o a d  r e q u i r e d  t o  l i f t  t h e  anchor  head o r  n u t  from t h e  b e a r i n g  p l a t e .  
The r e s i d u a l  l o a d  i s  t h e  load  c a r r i e d  by t h e  t i e b a c k  a t  any t ime.  The l o a d  
t r a n s f e r  r a t e  i s  t h e  t i e b a c k  c a p a c i t y  p e r  u n i t  l e n g t h  o f  anchor .  



F i g u r e  1. Components of a tieback. 
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Unbonded Tendon 

F i g u r e  2 .  Components of a compression t i e b a c k .  
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The b a s i c  t y p e s  of t i e b a c k s  a r e  : p r e s s u r e - i n j e c t e d ;  
low-pressure-grouted,  s t r a i g h t - s h a f t e d ;  s ingle-underreamed;  
mul t iunderreamed;  and p o s t g r o u t e d .  These t i e b a c k s  a r e  shown i n  F igure  3.  

P r e s s u r e - i n j e c t e d  t i e b a c k s  a r e  used i n  sandy o r  g r a v e l l y  s o i l s .  Grout 
p r e s s u r e s  i n  e x c e s s  of 1 5 0  p s i  (1034 kPa)  a r e  used t o  a c h i e v e  h i g h  l o a d  
t r a n s f e r  r a t e s .  

Low-pressure-grouted,  s t r a i g h t - s h a f t e d  t i e b a c k s  a r e  i n s t a l l e d  i n  r o c k ,  
c o h e s i v e  s o i l s ,  and sandy o r  g r a v e l l y  s o i l s .  They can  be made u s i n g  a  
v a r i e t y  of  d r i l l i n g  and g r o u t i n g  t e c h n i q u e s .  The g r o u t  p r e s s u r e  i s  l e s s  
t h a n  150 p s i  (1034 kPa) .  

Single-underreamed t i e b a c k s  a r e  i n s t a l l e d  p r i m a r i l y  i n  t h e  Uni ted  S t a t e s  
u s i n g  l a r g e  uncased d r i l l  h o l e s  i n  c o h e s i v e  s o i l s .  Sand-cement g r o u t  o r  
c o n c r e t e  i s  used  i n  g r o u t i n g  t h e  t i e b a c k  and t h e  g r o u t  o r  c o n c r e t e  i s  n o t  
p laced under  p r e s s u r e .  

Multiunderreamed t i e b a c k s  a r e  used i n  s t i f f  cohes ive  s o i l s  and weak 
rocks .  The s p a c i n g  of  t h e  underreams i s  s e l e c t e d  i n  o r d e r  t o  induce  a  s h e a r  
f a i l u r e  a l o n g  t h e  c y l i n d e r  de te rmined  by t h e  t i p s  o f  t h e  underreams. 

P o s t g r o u t e d  t i e b a c k s  a r e  p r i m a r i l y  used  i n  cohes ive  s o i l s .  I n  g r a n u l a r  
s o i l s  and r o c k ,  p o s t g r o u t i n g  i s  used t o  i n c r e a s e  t h e  r a t e  of  l o a d  t r a n s f e r .  



a) Pressure-injected and low-pressure-grouted, straight-shafted. 

b) Single-underreamed. 

I 
c) Multiunderreamed. 

d) Postgrouted. 

Figure 3. Tieback types. 



CHAPTER 3  - HISTORY 

Tiebacks  were f i r s t  used t o  anchor  s t r u c t u r e s  i n  rock.  The e a r l i e s t  
permanent rock  t iedown i n s t a l l a t i o n  was i n  1 9 3 3  a t  Cheur fas  Dam, A l g e r i a  
[ l ] L / .  TWO thousand two hundred and f i v e  k i p  (9810 kN) t iedowns were 
employed d u r i n g  t h e  r e i n f o r c i n g  of  t h e  e x i s t i n g  dam. By t h e  l a t e  1 9 5 0 1 s ,  
permanent rock  t iedowns had been used d u r i n g  t h e  r e n o v a t i o n  o r  c o n s t r u c t i o n  
of numerous o t h e r  dams [ 2 ] ,  [ 3 ] ,  and [ 4 ] .  

I n  t h e  1 9 5 0 1 s ,  c o n t r a c t o r s  began u s i n g  t i e b a c k s  t o  t e m p o r a r i l y  s u p p o r t  
t h e  s i d e s  o f  deep  e x c a v a t i o n s .  These t i e b a c k s  had l o a d  c a r r y i n g  c a p a c i t i e s  
of  40 t o  200 k i p s  (178 t o  890kN). I n  t h e  United S t a t e s ,  s o i l  t i e b a c k s  were 
f i r s t  made i n  c o h e s i v e  s o i l s  u s i n g  t r u c k  mounted c a i s s o n  d r i l l s .  They were 
e i t h e r  l a r g e  d i a m e t e r  single-underreamed o r  l a r g e  d i a m e t e r  s t r a i g h t - s h a f t e d  
t i e b a c k s .  Large  d i a m e t e r  s t r a i g h t - s h a f t e d  temporary t i e b a c k s  were f i r s t  
i n s t a l l e d  i n  C a l i f o r n i a  i n  t h e  mid-1950's. Hollow-stem-augered t i e b a c k s  
were f i r s t  used i n  t h e  Uni ted  S t a t e s  f o r  temporary a p p l i c a t i o n  i n  t h e  e a r l y  
1 9 6 0 ' s .  

Multiunderreamed p i l e s  were developed i n  South A f r i c a  i n  1955  [ 5 ] .  I n  
1961,  s m a l l  d i a m e t e r  underreamed t i e b a c k s  were i n s t a l l e d  i n  a  c l a y  a t  
W e s t f i e l d  P r o p e r t i e s  i n  Durban, Sco t l and  [ 5 ] .  By t h e  l a t e  1 9 6 0 1 s ,  
mul t iunderreamed t i e b a c k s  were commonly used i n  s t i f f  London c l a y .  I n  
Germany i n  1958,  Bauer made t h e  f i r s t  p r e s s u r e - i n j e c t e d  t i e b a c k  i n  dense  
Munich sand [ 6 ] .  Mul t iphase  p o s t g r o u t e d  t i e b a c k s  were i n t r o d u c e d  i n  France 
i n  1966 by S. I. F. Bachy [ 7 ] .  

Hunt and Costa  Nunes [ 8 ]  r e p o r t e d  t h a t  permanent ly  t i e d b a c k  w a l l s  have 
been t h e  most common method of  s l o p e  r e t e n t i o n  i n  B r a z i l  s i n c e  1958. The 
f i r s t  permanent s o i l  t i e b a c k s  i n  t h e  Uni ted  S t a t e s  were i n s t a l l e d  i n  a  v e r y  
s t i f f  s i l t y  c l a y  i n  D e t r o i t ,  Michigan,  i n  1961 [ 9 ] .  They were l a r g e  
d i a m e t e r ,  s ingle-underreamed t i e b a c k s  used t o  s u p p o r t  a r e t a i n i n g  w a l l  f o r  a  
highway. By t h e  mid-1960's permanent s o i l  t i e b a c k s  had been i n s t a l l e d  i n  
S w i t z e r l a n d ,  Germany, England,  and France [ 7 ] ,  [ l o ] ,  [ l l ] ,  and [ 1 2 ] .  
Compression t u b e  permanent t i e b a c k s  were developed by Stump A.G.,  a  Swiss 
c o n t r a c t o r  i n  t h e  l a t e  1 9 6 0 ' s  [ 1 3 ] .  

1/ Number i n  b r a c k e t s  i n d i c a t e  t h e  l i t e r a t u r e  r e f e r e n c e  on Page 218. - 
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CHAPTER 4  - APPLICATIONS 

Tiebacks  a r e  c l a s s i f i e d  a s  temporary  o r  permanent. A temporary  t i e b a c k  
i s  o n l y  r e q u i r e d  d u r i n g  c o n s t r u c t i o n .  A permanent t i e b a c k  i s  r e q u i r e d  f o r  
t h e  s u p p o r t  of  a  permanent s t r u c t u r e  o r  t o  i n c r e a s e  i t s  f a c t o r  o f  s a f e t y .  

TEMPORARY TIEBACKS 

Temporary t i e b a c k s  a r e  normal ly  used t o  s u p p o r t  t h e  s i d e s  o f  deep  
e x c a v a t i o n s  d u r i n g  t h e  c o n s t r u c t i o n  of  a  basement. The t y p e  of  w a l l  t h e y  
suppor t  depends upon t h e  s o i l  o r  r o c k  c o n d i t i o n s ,  t h e  ground wa te r  
c o n d i t i o n ,  l o c a l  r e g u l a t i o n s ,  a v a i l a b i l i t y  of m a t e r i a l s ,  and performance 
requ i rements .  I n  t h e  United S t a t e s ,  most deep e x c a v a t i o n s  a r e  suppor ted  by 
t i e d b a c k  H-beams and l a g g i n g  sys tems.  F i g u r e  4  shows a n  H-beam and l a g g i n g  
s h e e t i n g  sys tem used f o r  t h e  c o n s t r u c t i o n  o f  a  cut-and-cover subway s t a t i o n  
f o r  t h e  Cen te r  C i t y  Commuter R a i l  Connect ion,  P h i l a d e l p h i a .  

The s i d e s  of temporary e x c a v a t i o n s  may a l s o  be suppor ted  by c r o s s - l o t  o r  
i n c l i n e d  b r a c e s .  Normally t i e d b a c k  sys tems deform l e s s  t h a n  braced 
e x c a v a t i o n s  because:  a  f o r c e  a t  o r  above t h e  a c t i v e  e a r t h  p r e s s u r e  i s  
locked-off  i n  e v e r y  t i e b a c k ,  t i e b a c k  c o n s t r u c t i o n  o p e r a t i o n s  do n o t  a l l o w  
over  e x c a v a t i o n ,  t i e b a c k s  a r e  n o t  s u b j e c t  t o  s i g n i f i c a n t  temperature-caused 
de format ions  o r  l o a d s ,  and r e b r a c i n g  i s  n o t  r e q u i r e d  f o r  t i e d b a c k  w a l l s .  
When t h e  d e p t h  o f  t h e  e x c a v a t i o n  exceeds  1 5  o r  20 f e e t  (4.6 o r  6.1 m) and 
t h e  wid th  exceeds  60 f e e t  (18.3 m), o r  when o b s t r u c t i o n s  s i g n i f i c a n t l y  
impact c o n s t r u c t i o n ,  t i e d b a c k  w a l l s  a r e  u s u a l l y  cheaper  t h a n  braced s u p p o r t  
sys tems.  I n t e r n a l l y  braced w a l l s  i n t e r f e r e  w i t h  e x c a v a t i o n ,  c o n c r e t e  work, 
s t r u c t u r a l  s t e e l  p lacement ,  and b a c k f i l l i n g .  Tiedback w a l l s  p r o v i d e  a  c l e a n  
open e x c a v a t i o n .  

Temporary t i e b a c k s  have a l s o  been used f o r  s p e c i a l  a p p l i c a t i o n s  such  a s  
r e a c t i o n s  f o r  p i l e  l o a d  t e s t s ,  n o n d e s t r u c t i v e  t e s t i n g  of  a n  e l e v a t e d  r a i l  
l i n e ,  and s a l v a g i n g  of  a  s h i p  [ 1 4 ] .  

PERMANENT TIEBACKS 

S ince  t h e  mid-19601s, permanent t i e b a c k s  have been used t o  s o l v e  a  
v a r i e t y  of  s t r u c t u r a l  problems. The f o l l o w i n g  d e s c r i b e s  how t h e y  have been 
s u c c e s s f u l l y  i n c o r p o r a t e d  i n  d i f f e r e n t  t y p e s  of  work. 

A. R e t a i n i n g  Wal ls  

R e t a i n i n g  w a l l s  a r e  o f t e n  suppor ted  by permanent s o i l  o r  rock  t i e b a c k s .  
Permanently t i e d b a c k  w a l l s  a r e  used t o  s u p p o r t  e a r t h  p r e s s u r e s  r e s u l t i n g  
from t h e  s o i l  behind a  w a l l  o r  t o  s t a b i l i z e  l a n d s l i d e s .  L a n d s l i d e  
s t a b i l i z a t i o n  w a l l s  a r e  d e s c r i b e d  on Page 26. 

F igure  5 shows a  permanent ly  t i e d b a c k  r e t a i n i n g  w a l l  b u i l t  i n  l i e u  o f  a  
c a n t i l e v e r e d  w a l l  i n  Alexandr ia ,  V i r g i n i a .  A c a n t i l e v e r e d  w a l l  would have 

r e q u i r e d  temporary  s h e e t i n g ,  and t h e  underp inn ing  of t h e  r e t a i n i n g  w a l l  



a )  S t a t i o n  w a l l  under c o n s t r u c t i o n .  

E x i s t i n g  ~~~ B u i l d i n g  

Temporary S h e e t i n g  

Temporary 

F u t u r e  S t a t i o n  

b) S e c t i o n .  

F i g u r e  4 .  Tiedback H-beam and l a g g i n g  s h e e t i n g  system f o r  
a  cut-and-cover s t a t i o n  i n  P h i l a d e l p h i a .  



a) Permanently tiedback wall under construction. 

d Composite wall 
Composite wall 

Future 
Building 

b) Section. 

Figure 5. Permanently tiedback composite sheeting and cast-in-place 
concrete wall in Alexandria, VA. 



v i s i b l e  i n  t h e  background. The c a n t i l e v e r e d  w a l l  a l s o  would have r e q u i r e d  
f o u n d a t i o n  p i l e s ,  and a  l a r g e  p i l e  cap s i n c e  t h e  s o i l  a t  subgrade d i d  n o t  
have adequa te  b e a r i n g  c a p a c i t y .  The t i e d b a c k  w a l l  was c o n s t r u c t e d  by 
p l a c i n g  a  c a s t - i n - p l a c e  c o n c r e t e  f a c e  on t h e  s o l d i e r  beams. Underpinning of 
t h e  e x i s t i n g  w a l l  was n o t  n e c e s s a r y  s i n c e  t h e  t i e d b a c k  w a l l  d i d  n o t  r e q u i r e  
p i l e s  o r  a  l a r g e  f o o t i n g .  B a c k f i l l  was n o t  needed s i n c e  t h e  w a l l  was c a s t  
d i r e c t l y  o n t o  t h e  temporary s h e e t i n g .  

F igure  6 shows two bored p i l e  and s h o t c r e t e  r e t a i n i n g  w a l l s  suppor ted  by 
permanent t i e b a c k s .  The w a l l s  a r e  l o c a t e d  on t h e  Autobahn s o u t h  of  
Innsbruck ,  A u s t r i a .  They p rov ide  two benches f o r  a  highway. The w a l l s  were 
b u i l t  from t h e  t o p  down, and t h e y  a r e  f i n i s h e d  u s i n g  a r c h i t e c t u r a l  s t o n e .  

The permanent ly  t i e d b a c k  composi te  c a s t - i n - p l a c e  r e i n f o r c e d  c o n c r e t e  
r e t a i n i n g  w a l l  shown i n  F igure  7 was used t o  c o n t r o l  ground movements and 
s e t t l e m e n t  o f  a n  a d j a c e n t  s t r u c t u r e .  The w a l l  a l s o  p reven ted  l a r g e  e a r t h  
p r e s s u r e s  from b e i n g  a p p l i e d  t o  a  masonry s t r u c t u r e  which was t o  be b u i l t  
d i r e c t l y  i n  f r o n t  of  t h e  w a l l .  Temporary s h e e t i n g  was i n s t a l l e d  and 
suppor ted  w i t h  c o r r o s i o n  p r o t e c t e d  permanent t i e b a c k s .  The s o l d i e r  beams, 
which were doub le  c h a n n e l s ,  were used a s  a  composi te  member w i t h  t h e  
cas t - in -p lace  c o n c r e t e .  This  p r o j e c t  was a t  Brookwood Medical  Cen te r ,  
Brookwood, Alabama. 

Tiedback w a l l s  a r e  used t o  s u p p o r t  highway o r  r a i l w a y  c u t s  i n  
mountainous r e g i o n s .  F igure  8 shows a  w a l l  b u i l t  a l o n g  a  highway n e a r  
Rossberg ,  S w i t z e r l a n d .  The w a l l  was b u i l t  from t h e  t o p  down. A v e r y  l a r g e  
c o u n t e r f o r t e d  r e t a i n i n g  w a l l ,  r e q u i r i n g  temporary  s h e e t i n g  o r  removal of  a  
s i g n i f i c a n t  p o r t i o n  o f  t h e  s l o p e ,  would have been n e c e s s a r y  i f  a  
c o n v e n t i o n a l  w a l l  had been b u i l t .  

Tiedback w a l l s  a r e  b u i l t  i n  c u t s .  I f  temporary s h e e t i n g  i s  r e q u i r e d  f o r  
t h e  c o n s t r u c t i o n  of a  r e t a i n i n g  w a l l ,  t h e n  a  permanently t i e d b a c k  w a l l  
o f f e r s  many advan tages .  They a r e  n o t  economical  i f  e x t e n s i v e  f i l l s  a r e  
r e q u i r e d  behind t h e  w a l l .  C a n t i l e v e r e d  r e t a i n i n g  w a l l s ,  o r  r e i n f o r c e d  e a r t h  
normal ly  w i l l  p rov ide  a  more economical  w a l l  i n  a  f i l l .  Permanent ly  
t i e d b a c k  w a l l s  p rov ide  t h e  f o l l o w i n g  advan tages  o v e r  c o n v e n t i o n a l  
c a n t i l e v e r e d  w a l l s  i n  c u t  s i t u a t i o n s  ( s e e  F igure  9 ) :  

I n c o r p o r a t i o n  of  t h e  temporary  e x c a v a t i o n  s u p p o r t  sys tem i n t o  t h e  
permanent w a l l .  
Reduct ion i n  t h e  q u a n t i t i e s  of  e x c a v a t i o n .  
E l i m i n a t i o n  of f o o t i n g  e x c a v a t i o n  and c o n c r e t e .  
Reduct ion i n  t h e  amount of b l a s t i n g  i n  rock.  
E l i m i n a t i o n  of  f o u n d a t i o n  p i l e s  i n  s o i l .  
Reduct ion i n  t h e  q u a n t i t y  of  r e i n f o r c e d  c o n c r e t e  f o r  t h e  w a l l ,  
s i n c e  i t  may be des igned  f o r  s h o r t  spans .  
E l i m i n a t i o n  o f  b a c k f i l l .  
Reduct ion o f  c o n s t r u c t i o n  d i s t u r b a n c e ,  s i n c e  a  l a r g e  f o o t i n g  i s  n o t  
r e q u i r e d .  The temporary  w a l l  i s  on l i n e  w i t h  t h e  permanent w a l l .  
Improved worker and p u b l i c  s a f e t y  s i n c e  t h e  w a l l  does  n o t  r e q u i r e  
wide c o n s t r u c t i o n  easements  behind t h e  w a l l .  



a) Tiered wall under construction (courtesy Karl Bauer). 

b) Section. 

Figure 6. Tiered permanently tiedback bored pile wall with 
masonry finish near Innsbruck, Austria. 



a) Composite concrete and sheeting wall under construction. 

Tiebacks \_iL 

b) Section. 

Figure 7. Permanently tiedback composite sheeting and concrete wall 
at Brookwood Medical Center, Brookwocd, AL. 



a) Completed w a l l  ( c o u r t e s y  Kar l  Bauer) ,  

b) S e c t i o n .  

F i g u r e  8. Permanently t i e d b a c k  t i e r e d  r e t a i n i n g  w a l l  f o r  a  highway 
c u t  n e a r  Rossberg b e i  W i n t e r t h u r ,  S w i t z e r l a n d .  



and backfill 

Foundation piles 
(often required in soil) 

b) Permanent tiedback wall 

Figure 9. Comparision of a conventional retaining wall with 
a permanently tiedback wall. 



Permanently t i e d b a c k  w a l l s  have t h e  f o l l o w i n g  d i s a d v a n t a g e s  when 
compared t o  c a n t i l e v e r e d  w a l l s :  

1 )  Permanent easements  a r e  r e q u i r e d  f o r  t h e  t i e b a c k s .  
2 )  Permanent t i e b a c k s  may l i m i t  t h e  development where they  a r e  

i n s t a l l e d .  
3 )  The c u r r e n t  t i e b a c k s  sys tems cannot  e f f e c t i v e l y  be used i n  s o f t  

cohes ive  s o i l s .  
4 )  C o n t r o l l e d  b l a s t i n g  t e c h n i q u e s  must be used i n  o r d e r  t o  produce a  

rock  c u t  which can be c a s t  a g a i n s t .  

Permanently t i e d b a c k  w a l l s  can economica l ly  suppor t  depressed  c u t s  f o r  
r a i l  l i n e s  and roadways. Figure  1 0  shows t h e  advan tages  t i e d b a c k  w a l l s  can 
p rov ide .  The c o n s t r u c t i o n  of t h e  c o n v e n t i o n a l  w a l l  shown i n  Figure  1 0  would 
r e q u i r e  t h e  c l o s i n g  of t r a f f i c  l a n e s  behind each  w a l l ,  and t h e s e  c l o s i n g s  
could  l a s t  f o r  more t h a n  a  y e a r .  I f  t h e  permanent ly  t i e d b a c k  w a l l  shown i n  
Figure  1 0  was b u i l t ,  c o n s t r u c t i o n  would extend abou t  2 f e e t  (0.61 m) beyond 
t h e  f a c e  of  t h e  permanent w a l l ,  and t r a f f i c  would n o t  have t o  be 
i n t e r r u p t e d .  Easements f o r  t h e  permanent t i e b a c k s  a t  t h i s  s i t e  would no t  
have been a  problem s i n c e  t h e  e x i s t i n g  roadways would be p u b l i c  p r o p e r t y .  

F igure  11 shows t h r e e  permanently t i e d b a c k  depressed  e x c a v a t i o n s .  A 
v a r i e t y  of  f i n i s h e s  a r e  a t t a i n a b l e  w i t h  a  depressed  w a l l .  The w a l l  b u i l t  i n  
Munich used exposed bored p i l e s ,  and t h e  depressed  m e t r o - r a i l r o a d  c u t  i n  
Zur ich  was made u s i n g  a  p r e c a s t  diaphragm w a l l .  Bored p i l e  w a l l s  i n  Zur ich  
have a l s o  been p a i n t e d  f l a t  b l a c k ,  and a r c h i t e c t u r a l  ceramic  p a n e l s  have been  
hung from t h e  w a l l .  

B. Foundation Walls  

Permanent t i e b a c k s  normal ly  a r e  no t  used t o  suppor t  b u i l d i n g  w a l l s  s i n c e  
permanent easements  a r e  r e q u i r e d  from a d j a c e n t  p r o p e r t y  owners. It i s  v e r y  
expensive  t o  o b t a i n  t h e s e  easements  i n  u r b a n  a r e a s ,  s i n c e  a d j a c e n t  owners 
demand a  h i g h  p r i c e  f o r  r e s t r i c t i n g  t h e  development of  t h e i r  l a n d .  However, 
t i e b a c k s  a r e  used t o  suppor t  f o u n d a t i o n  w a l l s  i n  c e r t a i n  s i t u a t i o n s .  F igure  
12  shows t h e  most common a p p l i c a t i o n  f o r  a  permanent ly  t i e d b a c k  b u i l d i n g  
w a l l .  I n  t h i s  c a s e  t h e  b u i l d i n g  i s  l o c a t e d  on a  s t e e p l y  s l o p i n g  s i t e  and i t  
i s  s u b j e c t e d  t o  l a r g e  unbalanced l a t e r a l  f o r c e s .  A normal b u i l d i n g  
f o u n d a t i o n  i s  n o t  des igned  t o  r e s i s t  t h e s e  f o r c e s .  When t h i s  t y p e  of  s i t e  
i s  deve loped ,  permanent t i e b a c k s  c a n  be used t o  r e s i s t  t h e  l a t e r a l  l o a d .  
The c o s t  f o r  t h e  t i e b a c k  easements  i s  o f t e n  l e s s  t h a n  t h e  c o s t  of  abandoning 
t h e  s i t e ,  s a c r i f i c i n g  f l o o r  s p a c e ,  o r  d e s i g n i n g  t h e  b u i l d i n g  t o  r e s i s t  t h e s e  
f o r c e s .  

When d e s i g n i n g  w a l l s  of t h i s  t y p e ,  c a r e  must be t a k e n  t o  e n s u r e  t h a t  t h e  
w a l l  and t h e  b u i l d i n g  can accommodate r e l a t i v e  movements. I f  t h e  w a l l  i s  
r i g i d l y  connected t o  t h e  s t r u c t u r e ,  r e l a t i v e  movement cou ld  cause  damage. A 
s e p a r a t e  r e t a i n i n g  w a l l  may be b u i l t  i n  o r d e r  t o  p reven t  w a l l  d e f o r m a t i o n s  
from a f f e c t i n g  t h e  b u i l d i n g .  



Conventional 
construction 

Foundation piles -- 
a) Conventional retaining wall. 

Temporary wall with Cast in place 
permanent tiebacks permanent wall 

7 Permanent 

b) Permanent tieback wall. 

Figure 10. Comparision of a conventional depressed highway cut with 
a permanently tiedback highway excavation. 



a) Highway in Munich, Germany (courtesy Karl Bauer). 

b) Precast diaphragm wall for metro and railroad 
in Zurich, Switzerland. 

c) Highway and railway line in Zurich, Switzerland. 
(courtesy AG Heinr Hatt-Haller) . 

Figure 11. Permanently tiedback depressed right-of-ways. 
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,--- F i n i s h e d  S t r u c t u r e  

a) S t r u c t u r e  d e s i g n e d  t o  r e s i s t  u n b a l a n c s d  l a t e r a l  p r e s s u r e s .  

F i n i s h e d  S t r u c t u r e  

O r i g i n a  
Ground 
S u r f  a c e  

b )  Permanent  t i e b a c k s  u s e d  t o  r e s i s t  u n b a l a n c e d  l a t e r a l  p r e s s u r e s .  

F i g u r e  1 2 .  Cornparis ion be tween s t r u c t u r a l  s u p p o r t  and t i e d b a c k  w a l l  
s u p p o r t  o f  unba lanced  l a t e r a l  f o r c e s .  



C. Tunnel P o r t a l s  

Many t u n n e l  p o r t a l s  a r e  l o c a t e d  on t h e  s i d e s  of s t e e p  s l o p e s  o r  i n  mixed 
s o i l  and rock  c u t s .  The c o n s t r u c t i o n  of  t h e  p o r t a l  i s  o f t e n  more d i f f i c u l t  
t h a n  t h e  remainder  of  t h e  t u n n e l  hecause of poor ground c o n d i t i o n s ,  t h e  
v a r i a b l e  n a t u r e  of t h e  s t r a t i g r a p h y ,  groundwater ,  and e x i s t i n g  o r  p o t e n t i a l  
l a n d s l i d e s .  Figure  1 3  shows a  t u n n e l  p o r t a l  p r o t e c t e d  w i t h  permaner t l y  
t i e d b a c k  e lements .  This t u n n e l  i s  l o c a t e d  on Swiss Na t iona l  Highway N4, 
between Zur ich  and A l t d o r f .  The c o n c r e t e  b e a r i n g  pads were anchored w i t h  82 
f o o t  (25 m) long  rock  t i e b a c k s  having a  19.7 f o o t  ( 6  m) anchor  l e n g t h  and a  
d e s i g n  l o a d  of  449.6 t o  539.5 k i p s  (2000 t o  2400 kN). The t u n n e l  p r o t e c t i o n  
shown i n  Figure  14  was b u i l t  u s i n g  134.9 k i p  (600 kN) d e s i g n  l o a d  s o i l  
t i e b a c k s  t o  s u p p o r t  a permanent s h o t c r e t e  and bored p i l e  w a l l  f o r  t h e  Tauern 
Autobahn, A u s t r i a .  

By u s i n g  a  permanent ly  t i e d b a c k  w a l l  a t  t h e  t u n n e l  p o r t a l ,  i t  i s  
p o s s i b l e  t o  hand le  d i f f i c u l t  s u b s u r f a c e  c o n d i t i o n s  i n  a n  open c u t .  A s  a  
r e s u l t ,  t h e  t u n n e l i n g  method can be s e l e c t e d  based upon t h e  g e o l o g i c a l  
c o n d i t i o n s  t o  be encoun te red  a l o n g  t h e  bore  and n o t  a t  t h e  p o r t a l .  The w a l l  
a l s o  can  be des igned  t o  p rov ide  permanent p r o t e c t i o n  a g a i n s t  s l i d e s  a t  t h e  
p o r t a l .  

D. Bridge Abutments 

Permanent t i e b a c k s  e n a b l e  b r i d g e  abutments  t o  be b u i l t  from t h e  t o p  
down. F igure  1 5  shows t h e  sequence used t o  c o n s t r u c t  a  t i e d b a c k  underpass .  
F i r s t ,  a  bored p i l e ,  o r  a  c a s t - i n - p l a c e  diaphragm, o r  a  p r e c a s t  diaphragm 
w a l l  i s  c o n s t r u c t e d  from e x i s t i n g  g rade .  Since  t h e s e  w a l l  sys tems a r e  b u i l t  
i n  segments ,  o n l y  a p o r t i o n  of t h e  e x i s t i n g  roadway needs  t o  be c l o s e d  t o  
t r a f f i c  a t  any  t ime .  Bored p i l e  w a l l s  a r e  economical  t o  i n s t a l l  s i n c e  
d r i l l i n g  equipment i s  r e a d i l y  a v a i l a b l e ,  and t h e y  c r e a t e  t h e  l e a s t  
d i s t u r b a n c e .  

A f t e r  t h e  w a l l  i s  i n s t a l l e d ,  beam s e a t s  a r e  poured,  beams a r e  p l a c e d ,  
and t h e  deck i s  c o n s t r u c t e d .  This  o p e r a t i o n  can  a l s o  be done i n  segments 
e n a b l i n g  t r a f f i c  t o  be main ta ined .  Upon comple t ion  of t h e  d e c k ,  t r a f f i c  can  
be r e s t o r e d  w i t h o u t  r e s t r i c t i o n s .  

Once t h e  deck i s  b u i l t ,  e x c a v a t i o n  p roceeds  wi thou t  i n t e r r u p t i n g  
t r a f f i c .  When t h e  e x c a v a t i o n  r e a c h e s  t h e  t i e b a c k  e l e v a t i o n ,  t h e  w a l l  and 
t h e  t i e b a c k s  a r e  i n s t a l l e d .  A f t e r  t h e  t i e b a c k s  a r e  t e s t e d  and l o c k e d - o f f ,  
t h e  e x c a v a t i o n  i s  con t inued  t o  t h e  nex t  l e v e l  of t i e b a c k s  o r  subgrade .  

Figure  1 6  shows a  b r i d g e  abutment b u i l t  i n  Z u r i c h ,  S w i t z e r l a n d .  I n  t h i s  
c a s e ,  t h e  deck was no t  p laced s i n c e  i t  was n o t  n e c e s s a r y  t o  m a i n t a i n  t r a f f i c  
over  t h e  e x c a v a t i o n .  



a )  T i e d b a c k  b e a r i n g  p a d s  ( c o u r t e s y  VSL Corpora t ;on ) .  

b )  S e c t i o n .  

F i g u r e  1 3 .  P e r m a n e n t l y  t i e d b a c k  c o n c r e t e  b e a r i n g  p a d s  f o r  p r o t e c t i o n  of  a 
t u n n e l  p o r t a l  on K a t i o n a l  Highway K 4 ,  Arth-Goldau ,  S w i t z e r l a n d .  



a) Tunnel portal under construction 
(courtesy Karl Bauer ). 

\ Tiebacks 2 

Bored Pile 
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b) Section. 

Tunne 1 

Figure 14. Permanently tiedback wall and elements for protection 
of a tunnel portal on the Tauern Autobahn, Austria. 





F i g u r e  1 6 .  Pe rmanen t ly  t i e d b a c k  b r i d g e  abutment  i n  Z u r i c h ,  S w i t z e r l a n d .  

r m a n e n t l y  t i e d b a c k  u n d e r p a s s e s  o f f e r  t h e  f o l l o w i n g  a d v a n t a g e s :  
) The b r i d g e  i s  b u i l t  i n  segments  w h i l e  t r a f f i c  i s  m a i n t a i n e d .  
) The b r i d g e  abu tmen t s  d o  n o t  r e q u i r e  f o o t i n g s  f o r  bend ing  

r e s i s t a n c e .  F o o t i n g  c o n s t r u c t i o n  would d i s r u p t  t r a f f i c  on  n e a r b y  
roadways p e r p e n d i c u l a r  t o  t h e  b r i d g e .  

3 )  The t i e d b a c k  abutment  w a l l  f u n c t i o n s  as  t h e  t empora ry  e a r t h  s u p p o r t .  
4 )  The q u a n t i t y  o f  e x c a v a t i o n  i s  r educed .  
5 )  The b a c k f i l l  i s  e l i m i n a t e d .  

Pe rmanen t ly  t i e d b a c k  b r i d g e  p i e r s  must b e a r  on  s o i l  o r  r o c k  c a p a b l e  o f  
c a r r y i n g  t h e  t r a f f i c  l o a d  p l u s  t h e  v e r t i c a l  component o f  t h e  t i e b a c k  f o r c e .  
Each w a l l  t y p e  c a n  be e x t e n d e d  t o  a b e a r i n g  s t r a t u m  l o c a t e d  below s u b g r a d e .  
However, t h e  p r e c a s t  d iaphragm w a l l  i s  r e s t r i c t e d  i n  d e p t h  by t h e  we igh t  o f  
t h e  p a n e l  and a v a i l a b l e  c r a n e  c a p a c i t y .  

E. H v d r o s t a t i c  U ~ l i f t  

Permanent t i edowns  a r e  commonly used  i n  t h e  Un i t ed  S t a t e s  t o  r e s i s t  
h y d r o s t a t i c  u p l i f t  p r e s s u r e s .  S t r u c t u r e s  l o c a t e d  below t h e  g roundwate r  
t a b l e  w i l l  t e n d  t o  f l o a t  u n l e s s  t h e  s t r u c t u r e  h a s  s u f f i c i e n t  we igh t  o r  i s  
t ied-down. Sewage t r e a t m e n t  t a n k s ,  r e t e n t i o n  b a s i n s ,  basement s l a b s ,  
d e p r e s s e d  roadways o r  r a i l w a y s ,  d r y  d o c k s ,  and s h a l l o w  t u n n e l s  have  been  
t ied-down. 



F i g u r e  17  shows a  t h i c k  c o n c r e t e  mat u sed  t o  r e s i s t  h y d r o s t a t i c  u p l i f t  
f o r c e s  a p p l i e d  t o  a  d e p r e s s e d  s e c t i o n  o f  1-95 i n  P h i l a d e l p h i a .  Permanent  
t i edowns  c o u l d  have  e c o n o m i c a l l y  r e p l a c e d  t h e  10- foot  (3 .04  rn) t h i c k  mat  and 
r educed  t h e  q u a n t i t y  o f  t empora ry  s h e e t i n g  and e x c a v a t i o n  r e q u i r e d .  F i g u r e  
18 shows permanent  t i e d o w n s  used  t o  a n c h o r  a  basement  s l a b  f o r  a  b u i l d i n g  i n  
H a r r i s b u r g ,  P e n n s y l v a n i a .  

a )  C o n c r e t e  mat  u n d e r  c o n s t r u c t i o n .  b)  S e c t i o n .  

F i g u r e  17 .  Th ick  c o n c r e t e  mat u sed  t o  r e s i s t  h y d r o s t a t i c  
u p l i f t  p r e s s u r e s  a c t i n g  on a  d e p r e s s e d  s e c t i o n  
o f  1-95, P h i l a d e l p h i a ,  PA. 

W e r m a n e n t  t i edowns  

a )  Completed t iedowns .  b) S e c t i o n .  

F i g u r e  18 .  Permanent  t i edowns  f o r  a basement  s l a b  i n  H a r r i s b u r g ,  PA. 



When permanent t iedowns p e n e t r a t e  a  s l a b  s u b j e c t e d  t o  u p l i f t  p r e s s u r e s ,  
t h e s e  p e n e t r a t i o n s  must be w a t e r t i g h t .  I n s t a l l i n g  t h e  t iedowns p r i o r  t o  
p l a c i n g  t h e  s l a b  and then  pour ing t h e  b e a r i n g  p l a t e  i n  t h e  c o n c r e t e  i s  one 
way t o  p r e v e n t  l e a k a g e .  T h i s  method i s  o n l y  s u i t a b l e  when u n s t r e s s e d  
t iedowns c a n  be used .  They can a l s o  be i n s t a l l e d  w i t h  a  r i g i d  s h e a t h  o v e r  
t h e  unbonded l e n g t h .  The r i g i d  s h e a t h  e x t e n d s  through t h e  s l a b  a l l o w i n g  t h e  
t iedown t o  be l o c k e d - o f f .  The s l a b  can  a l s o  be s l e e v e d  and t h e  t iedowns 
i n s t a l l e d  th rough  t h e  s l e e v e s ,  I n  t h i s  c a s e ,  t h e  a n n u l a r  space  between t h e  
s l e e v e  and t h e  tendon must be s e a l e d .  

Tiedowns used t o  r e s i s t  h y d r o s t a t i c  u p l i f t  f o r c e s  must deve lop  
s u f f i c i e n t  i n d i v i d u a l  c a p a c i t y  t o  r e s i s t  t h e  u p l i f t  p r e s s u r e s  and they  must 
be long  enough t o  t i e  t o g e t h e r  a  mass of s o i l  o r  rock  which h a s  a  buoyant 
weight  g r e a t e r  t h a n  t h e  t o t a l  u p l i f t  f o r c e .  

Tank, r e t e n t i o n  b a s i n ,  and d r y  dock t iedowns a r e  o n l y  r e q u i r e d  t o  
f u n c t i o n  when t h e s e  s t r u c t u r e s  a r e  empty. These s t r u c t u r e s  a r e  b u i l t  w h i l e  
t h e  s i t e  i s  dewatered and t h e y  w i l l  s e t t l e  under t h e  a p p l i e d  t iedown l o a d s .  
When t h e  t a n k  s e t t l e s ,  t h e  t iedown l o a d  i s  reduced.  A f t e r  t h e  t a n k  i s  
completed and p r i o r  t o  f i l l i n g ,  t h e  groundwater l e v e l  i s  r e s t o r e d  and t h e  
t iedowns f u n c t i o n  t o  r e s t r a i n  t h e  s t r u c t u r e .  When t h e  t a n k  i s  f i l l e d ,  i t s  
weight i n c r e a s e s ,  and t h e  s t r u c t u r e  s e t t l e s .  The t iedowns must be des igned  
s o  t h a t  t h e  unbonded l e n g t h  i s  long  enough t o  a l l o w  t h e s e  t a n k  movements 
w i t h  o n l y  minimal e f f e c t s  on t h e  load  locked-off  i n  t h e  tendon.  I f  
s e t t l e m e n t s  l a r g e r  t h a n  t h e  e l a s t i c  e x t e n s i o n  of  t h e  unbonded l e n g t h  a r e  
e x p e c t e d ,  b a r  tendons  w i l l  be p laced  i n  compress ion.  S t rand  o r  w i r e  tendons  
should  be used i f  t h i s  c o n d i t i o n  i s  e x p e c t e d .  

F. L a n d s l i d e  S t a b i l i z a t i o n  

Permanent t i e b a c k s  have been e f f e c t i v e l y  used t o  s t a b i l i z e  o r  t o  p r e v e n t  
s o i l  and rock  s l i d e s .  The t i e b a c k s  s u p p o r t  a  v a r i e t y  of w a l l  sys tems ,  
c o n c r e t e  b u t t r e s s e s ,  o r  e l ements .  Hunt and Costa  Nunes [8 ]  d e s c r i b e d  a  
permanent ly  t i e d b a c k  w a l l  system b u i l t  i n  B r a z i l .  The w a l l  was b u i l t  from 
t h e  t o p  down u s i n g  c a s t - i n - p l a c e  c o n c r e t e  w a l l  segments.  Concrete  
b u t t r e s s e s  s i m i l a r  t o  t h o s e  shown i n  F igure  19  a r e  used t o  p reven t  competent  
rock  from s l i d i n g  a l o n g  s t r u c t u r a l  d i s c o n t i n u i t i e s .  Anchored c o n c r e t e  
e l e m e n t s ,  see F i g u r e  20,  a l s o  are used  t o  s t a b i l i z e  o r  t o  p r e v e n t  f a i l u r e s  
of  rock s l o p e s .  Anchored w a l l s ,  which a r e  used f o r  s l i d e  s t a b i l i z a t i o n ,  a r e  
des igned  t o  s u p p o r t  t h e  s o i l  behind them and t o  p rov ide  t h e  n e c e s s a r y  
e x t e r n a l  f o r c e  r e q u i r e d  f o r  s t a b i l i t y .  

There a r e  two common t y p e s  of s l i d e s  a s s o c i a t e d  w i t h  c u t  and f i l l  r a i l  
o r  highway c o n s t r u c t i o n .  These s l i d e s  r e s u l t  when a n  e x i s t i n g  s l o p e  i s  c u t  
o r  when a  f i l l  i s  placed on a  s l o p e .  F igure  22 shows t h e s e  two c o n d i t i o n s .  
Often t h e s e  s l i d e s  do n o t  occur  immediate ly  upon c o n s t r u c t i o n ,  bu t  become 
u n s t a b l e  a s  a  r e s u l t  of  changing groundwater c o n d i t i o n s ,  f r o s t ,  o r  l o s s  of  
s o i l  s t r e n g t h  w i t h  t ime .  I n  t h i s  c a s e  permanent ly  t i e d b a c k  w a l l s  c a n  be 
c o n s t r u c t e d  t o  s t a b i l i z e  e i t h e r  t y p e  of  s l i d e  wi thou t  comple te ly  c l o s i n g  t h e  
highway. F igure  21 shows a  t i e d b a c k  w a l l  c o n s t r u c t e d  on t h e  C l i n c h f i e l d  RR 
l i n e  n e a r  Spruce  P i n e ,  North C a r o l i n a .  The w a l l  was used t o  s t a b i l i z e  a  
f i l l  which was s l i d i n g  a l o n g  t h e  n a t u r a l  s l o p e .  Th i s  w a l l  was b u i l t  w i t h o u t  
d i s r u p t i n g  t h e  r a i l  t r a f f i c .  



a) Completed tiedback buttresses (courtesy Karl Bauer). 
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b) Section. 

Figure 19. Permanently tiedback concrete buttresses 
used to support a rock cut in Germany. 



a) Completed tiedback elements (courtesy Stahlton AG). 
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b) Section. 

Figure 20. Permanently tiedback concrete elements used to support 
a rock slope near Alpnach-Stad, Switzerland. 



a) Completed s l i d e  c o n t r o l  w a l l .  

b )  S e c t i o n .  

F i g u r e  21. Pe rmanen t ly  t i e d b a c k  w a l l  u s e d  t o  s t a b i l i z e  
a  f i l l  s l i d e  n e a r  S p r u c e  P i n e ,  N . C .  



S l i d e  

F igure  2 2 .  Cut and f i l l  l a n d s l i d e .  

F igure  23 shows a  permanent ly  t i e d b a c k  w a l l  used t o  p r e v e n t  a  l a n d s l i d e  
i n  a  c o h e s i v e  s o i l .  The owner of t h i s  s i t e  wanted t o  b u i l d  a  r e t a i n i n g  w a l l  
n e a r  t h e  r e a r  of  h i s  p r o p e r t y  i n  o r d e r  t o  o b t a i n  a  l e v e l  s i t e .  The s i t e  was 
l o c a t e d  i n  a n  a r e a  of  F a i r f a x  County, V i r g i n i a ,  which h a s  a  h i s t o r y  of s l o p e  
i n s t a b i l i t y .  When a  s t a b i l i t y  a n a l y s i s  was performed, assuming t h e  w a l l  i n  
p l a c e ,  i t  was determined t h a t  a  deep s e a t e d  f a i l u r e  would occur  below t h e  
w a l l  f o o t i n g .  To p reven t  t h i s  s l i d e  from d e v e l o p i n g ,  a  t i e d b a c k  w a l l  was 
b u i l t .  This  w a l l  a l lowed t h e  owner t o  comple te ly  deve lop  h i s  s i t e .  The 
w a l l  was c o n s t r u c t e d  u s i n g  a  composi te  s t e e l  s h e e t  p i l i n g  and c a s t - i n - p l a c e  
c o n c r e t e  f a c e .  P o r t i o n s  of t h e  w a l l  were des igned  w i t h  t h e  s h e e t  p i l i n g  
d r i v e n  below t h e  f a i l u r e  s u r f a c e  and anchored w i t h  one row of  t i e b a c k s .  
Another p a r t  of  t h e  w a l l  was des igned  t o  be anchored w i t h  two l e v e l s  of  
t i e b a c k s .  Where two rows of  t i e b a c k s  were u s e d ,  t h e  p i l i n g  d i d  n o t  ex tend  
below t h e  f a i l u r e  s u r f a c e .  

The Tauern Autobahn a d m i n i s t r a t i o n  used a n  o b s e r v a t i o n a l  approach t o  
d e s i g n  and b u i l d  a  l a n d s l i d e  s t a b i l i z a t i o n  w a l l  s o u t h  of  Sa lzburg ,  A u s t r i a .  
P r i o r  t o  c o n s t r u c t i o n ,  t h e y  determined t h a t  t h i s  a r e a  would be suppor ted  
w i t h  a  t i e d b a c k  w a l l .  The w a l l  i s  l o c a t e d  i n  a n  e x i s t i n g  f a u l t  zone where 
t h e  rock  was deep ly  weathered.  The r e s i d u a l  s t r e n g t h  of t h e  weathered rock  
was v e r y  low compared t o  i t s  i n t a c t  s t r e n g t h ,  and t h e  a c t u a l  s t r e n g t h  was 
d i f f i c u l t  t o  de te rmine .  A smal l  change i n  t h e  s t r e n g t h  caused a  l a r g e  
change i n  t h e  number of  t i e b a c k s  r e q u i r e d .  There fo re ,  t h e  w a l l  was des igned  
assuming a  r e a s o n a b l e  s t r e n g t h ,  and e x t e n s i v e  moni to r ing  of t h e  w a l l  was 
s p e c i f i e d .  Load c e l l s ,  ex tensomete r ,  and a  v i s u a l  su rvey  were used i n  t h e  
moni to r ing  program. The moni to r ing  i n d i c a t e d  t h a t  t h e  w a l l  was performing 
s a t i s f a c t o r i l y  a f t e r  comple t ion ,  but  ex t remely  h i g h  snow f a l l  and a  v e r y  wet 
s p r i n g  caused t h e  w a l l  t o  commence moving. When t h i s  o c c u r r e d ,  a d d i t i o n a l  
t i e b a c k s  were i n s t a l l e d  and t h e  w a l l  was s t a b i l i z e d .  However, t h e  w a l l  
began moving a g a i n ,  and a n o t h e r  group of  t i e b a c k s  were i n s t a l l e d .  The l a s t  
group was i n s t a l l e d  i n  t h e  f a l l  of 1976.  S ince  t h e n ,  t h e  w a l l  h a s  performed 
s a t i s f a c t o r i l y .  



a)  Wall u n d e r  construction. 

,Future B u i l d i n g  

o t e n t i a l  F a i l u r e  
S u r f  a c e  

L ~ e r m a n e n t  T i e b a c k  

b)  S e c t i o n .  

F i g u r e  23. Pe rmanen t ly  t i e d b a c k  w a l l  u sed  t o  p r e v e n t  a  
l a n d s l i d e  i n  F a i r f a x  County ,  Va. 



Permanently t i e d b a c k  w a l l s  a r e  used t o  p reven t  s l i d e s  from o c c u r r i n g ,  
and t o  a l l o w  s t r u c t u r e s  t o  be b u i l t  i n t o  a  p o t e n t i a l  s l i d e  a r e a .  Figure  24  
shows a  w a l l  i n s t a l l e d  a t  Mercy H o s p i t a l ,  Sc ran ton ,  Pennsylvania .  A d i p p i n g  
c o a l  l a y e r ,  t h a t  would be exposed upon e x c a v a t i o n  f o r  t h e  h o s p i t a l ,  i s  
shown. A s t a b i l i t y  a n a l y s i s  was made assuming a  f a i l u r e  would occur  a l o n g  
t h e  c o a l  seam. The a n a l y s i s  i n d i c a t e d  t h a t  a  s l i d e  would occur .  The 
a n a l y s i s  a l s o  showed t h a t  t h e  f o r c e s  r e q u i r e d  t o  suppor t  t h i s  c u t  
s u b s t a n t i a l l y  exceeded t h e  e a r t h  p r e s s u r e  which t h e  s t r u c t u r e  was des igned  
t o  r e s i s t .  T h e r e f o r e ,  a  permanently t i e d b a c k  w a l l  was des igned  t o  s u p p o r t  
t h e  s o i l  and rock  c u t .  The permanent rock  t i e b a c k s  extended below t h e  
f a i l u r e  s u r f a c e  and p rov ide  t h e  f o r c e  r e q u i r e d  f o r  e q u i l i b r i u m .  
Double-channel s o l d i e r  beams were i n s t a l l e d  p r i o r  t o  e x c a v a t i o n .  As t h e  
e x c a v a t i o n  proceeded,  t imber  l a g g i n g  was i n s t a l l e d  between t h e  beams i n  t h e  
s o i l  p o r t i o n ,  and rock  b o l t s  were used i n  t h e  rock  p o r t i o n .  The permanent 
t i e b a c k s  were i n s t a l l e d  a s  t h e  e x c a v a t i o n  proceeded.  Upon comple t ion  of  t h e  
e x c a v a t i o n ,  c o n c r e t e  was c a s t  o n t o  t h e  w a l l  f a c e  and s t r u c t u r a l l y  connected 
t o  s o l d i e r  beams and t i e b a c k s .  Th i s  p a r t i c u l a r  w a l l  was n o t  s t r u c t u r a l l y  
t i e d  t o  t h e  b u i l d i n g .  Th i s  was done t o  p reven t  t r a n s f e r r i n g  any l o a d  t o  t h e  
s t r u c t u r e  i f  t h e  w a l l  d e f l e c t e d .  

I n  rock  and r e s i d u a l  s o i l s ,  s l i d e s  occur  a l o n g  s t r u c t u r a l  f r a c t u r e s  such 
a s  j o i n t s ,  s h e a r s ,  f a u l t s ,  deep w e a t h e r i n g ,  o r  v a r i a t i o n s  i n  s t r a t i g r a p h y .  
The p o t e n t i a l  f a i l u r e  s u r f a c e s  u s u a l l y  can be i d e n t i f i e d  d u r i n g  a  
g e o t e c h n i c a l  s t u d y  o r  upon exposure  i n  a  c u t .  When they  a r e  i d e n t i f i e d ,  a  
t i e d b a c k  w a l l  can  be des igned t o  p rov ide  t h e  f o r c e  r e q u i r e d  t o  s t a b i l i z e  t h e  
mass. 

I n  s o i l s ,  p o t e n t i a l  l a n d s l i d e s  a r e  n o t  a s  e a s y  t o  i d e n t i f y .  Even f l a t  
s l o p e s  f a i l  a s  a  r e s u l t  of  seepage f o r c e s ,  l o s s  of s t r e n g t h  w i t h  t i m e ,  and 
u n i d e n t i f i e d  t h i n ,  weak s o i l  s t r a t a .  S o i l  s l o p e s  may be s t a b l e  f o r  many 
y e a r s  b e f o r e  f a i l i n g ;  normal ly ,  s o i l  s l o p e s  f a i l  g r a d u a l l y  and c o r r e c t i o n s  
can  be made p r i o r  t o  f a i l u r e .  The d e t e r m i n a t i o n  of  t h e  s t r e n g t h  pa ramete r s ,  
t h e  l o c a t i o n  of  p o t e n t i a l  f a i l u r e  s u r f a c e s ,  and t h e  e s t i m a t i o n  of seepage 
p r e s s u r e s  make t h e  a n a l y s i s  d i f f i c u l t  . 
G. Tower Tiedowns 

E leva ted  s t r u c t u r e s  s u b j e c t  t o  l a r g e  l a t e r a l  l o a d s  c a n  be suppor ted  
u s i n g  permanent t iedowns.  Tiedowns can  economica l ly  r e s i s t  o v e r t u r n i n g  of  a  
tower when t h e  l o a d s  a r e  h i g h ,  when l a r g e  amounts of rock  o r  s o i l  must be 
removed i n  o r d e r  t o  c o n s t r u c t  a  f o o t i n g ,  when t h e  s i t e  i s  i n a c c e s s i b l e  t o  
l a r g e  d r i l l i n g  o r  e x c a v a t i n g  equipment ,  o r  when t h e  tower r e q u i r e s  h i g h  
c a p a c i t y  guys.  

The anchor ing  of  towers  w i t h  rock  t iedowns was one o f  t h e  e a r l i e r  
a p p l i c a t i o n s  of  permanent t iedowns.  F i g u r e  25 shows tower guys which were 
anchored u s i n g  groups  of  permanent s o i l  t iedowns.  These were i n s t a l l e d  f o r  
Bonnev i l l e  Power i n  Washington S t a t e .  F i g u r e  26 shows permanent rock  
t iedowns being i n s t a l l e d  t o  anchor  t h e  f o u n d a t i o n s  of  a  tower d i r e c t l y .  

Tower t iedowns a r e  des igned  s i m i l a r l y  t o  t h e  t iedowns used t o  r e s i s t  
h y d r o s t a t i c  u p l i f t .  They must deve lop  s u f f i c i e n t  c a p a c i t y  i n d i v i d u a l l y  and 
t h e y  must be l o n g  enough t o  m o b i l i z e  a  s o i l  o r  rock  mass w i t h  s u f f i c i e n t  
weight t o  r e s i s t  t h e  a p p l i e d  l o a d  and moment. 



Fractured 
Sandstone- 

b )  S e c t i o n .  

Figure 24. Permanently tiedb'ick wall used to prevent a landslide 
and protect Mere!- Iios )ital, Scranton, PA. 



a) Completed tiedown towers (courtesy Donald B. Murphy). 
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b) Section. 

Figure 25. Permanently tiedown tower guys 
for Bonneville Power. 
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F igure  26. Permanent tower t iedowns.  

H. Tiedowns 

Two o f  t h e  e a r l i e s t  permanent s o i l  t i e b a c k  a p p l i c a t i o n s  were t o  t iedown 
t h e  Munich Olympic Stadium and t h e  Luf thansa  hanger  i n  Munich, Germany. 
F igure  27 shows t h e  Luf thansa  hanger .  Both of  t h e s e  s t r u c t u r e s  were 
anchored i n  s o i l  u s i n g  p r e s s u r e - i n j e c t e d  t iedowns.  The c a b l e  suppor ted  t e n t  
roof  o f  t h e  Jeddah I n t e r n a t i o n a l  A i r p o r t  i n  Saudi Arabia and t h e  Montreal  
Olympic Stadium a r e  a l s o  anchored w i t h  permanent t iedowns.  

I. W a t e r f r o n t  S t r u c t u r e s  

E x i s t i n g  w a t e r f r o n t  w a l l s  a r e  o f t e n  s t r e n g t h e n e d  o r  r e p l a c e d  w i t h  
permanent ly  anchored w a l l s .  F igure  28 shows a  permanently t i e d b a c k  w a l l  
suppor ted  by permanent rock  t i e b a c k s  i n  Salem, Massachuse t t s .  Numerous 
permanently t i e d b a c k  w a l l s  have been i n s t a l l e d  i n  s a l t w a t e r  w i t h o u t  a  
r e p o r t e d  tendon c o r r o s i o n  f a i l u r e .  The o l d e s t  s a l t w a t e r  w a l l  was b u i l t  i n  
Aberdeen Harbor,  S c o t l a n d ,  i n  1968.  The tendons  used f o r  t h e  t i e b a c k s  have 
no s p e c i a l  c o r r o s i o n  p r o t e c t i o n  and t h e  anchor  heads  a r e  exposed.  Tiebacks  
i n s t a l l e d  f o r  t h e  replacement  of a n  e x i s t i n g  w a l l  u s u a l l y  i n v o l v e  d i f f i c u l t  
and expens ive  d r i l l i n g  t e c h n i q u e s  bu t  t h e y  a r e  economical  s i n c e  t h e y  a l l o w  
complete replacement  of  a n  e x i s t i n g  w a l l  w i t h o u t  i n t e r r u p t i n g  a c t i v i t i e s  
behind t h e  w a l l .  



a)  S i d e v i e w  ( c o u r t e s y  Karl Bauer) . 

b )  S e c t i o n .  

F i g u r e  2 7 .  PernlanenL t i edowns  u s e d  t o  anchor  t h e  r o o f  of  
the TJuf t l ~ n n s ~ i  F1nngt.r , Munich ,  Germany. 



E x i s t i n g  Wal l  TI- 

F i g u r e  28. Permanent  t i e b a c k s  u sed  i n  t h e  r e n o v a t i o n  
and  d e e p e n i n g  o f  a  h a r b o r .  

Pe rmanen t ly  t i e d b a c k  w a l l s  a r e  u sed  when e x i s t i n g  h a r b o r s  a r e  deepened .  
Nolan [15 ]  d e s c r i b e d  a  t i e d b a c k  s h e e t  p i l e  and  H-beam c o m p o s i t e  w a l l  
s u p p o r t e d  by permanent  hol low-stern-augered s o i l  t i e b a c k s .  T h i s  w a l l  was 
b u i l t  f o r  t h e  d e e p e n i n g  and r e p a i r  o f  Hollywood Harbo r ,  P o r t  E v e r g l a d e s ,  
F l o r i d a .  These t i e b a c k s  u sed  t h e  g r o u t  f o r  c o r r o s i o n  p r o t e c t i o n .  

New w a t e r f r o n t  w a l l s  a r e  a l s o  s u p p o r t e d  by permanent  t i e b a c k s .  F i g u r e  
29 shows a  c a s t - i n - p l a c e  d i aph ragm quay  w a l l  a t  t h e  P o r t  o f  Le Havre ,  
F r a n c e .  P o s t g r o u t e d  t i e b a c k s  were  used  t o  s u p p o r t  t h e  w a l l .  T h i s  w a l l  was 
c o n s t r u c t e d  f rom t h e  e x i s t i n g  ground s u r f a c e .  k f t e r  l o c k i n g - o f f  t h e  
t i e b a c k s ,  t h e  s o i l  i n  f r o n t  o f  t h e  w a l l  was d redged  t o  t h e  d e s i r e d  d e p t h .  

J. R e p a i r  a n d  A l t e r a t i o n s  t o  E x i s t i n g  Wal l s  and  Abutments 

Many e x i s t i n g  r e t a i n i n g  s t r u c t u r e s  c a n  be s t a b i l i z e d  o r  s t r e n g t h e n e d  
u s i n g  permanent  t i e b a c k s .  P r i o r  t o  t h e  development  of  t i e b a c k s ,  t h e s e  
s t r u c t u r e s  were  e i t h e r  r e p l a c e d ,  u n d e r p i n n e d ,  o r  b u t t r e s s e d .  F i g u r e  30 
shows a n  o l d  b r i c k  g r a v i t y  w a l l  o n  a  d e p r e s s e d  r a i l  l i n e  n o r t h  o f  London, 
England .  Dur ing  t h e  r e n o v a t i o n  o f  t h e  r o a d b e d ,  t h e  e l e v a t i o n  of  t h e  roadbed  
w a s  l owered  i n  o r d e r  t o  i n c r e a s e  t h e  c l e a r a n c e  u n d e r  ove rhead  s t r u c t u r e s .  
A f t e r  l o w e r i n g  t h e  r o a d b e d ,  i t  was d i s c o v e r e d  t h a t  t h e  e x i s t i n g  w a l l  was 
r o t a t i n g ,  and  t r a n s l a t i n g  l a t e r a l l y .  A c o m b i n a t i o n  o f  m i c r o  p i l e s  and  
pe rmanen t ,  m u l t i u n d e r r e a m e d  t i e b a c k s  i n  London c l a y  were  u s e d  t o  u n d e r p i n  
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a) A view of completed quay wall (courtesy SIF Bachy). 
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b) Section. 

Figure 29. Permanently tiedback cast-in-place diaphragm quay 
wall for the Port de Havre, France. 



a )  Permanent  underreamed t i e b a c k  i n s t a l l a t i o n  ( c o u r t e s y  F o n d e d i l e ) .  

b I Mult iunderrearned  
1 T i ebacks ,  

b )  S e c t i o n .  

F i g u r e  30. Permanent  t i e b a c k s  u s e d  t o  s t a b i l i z e  a  f a i l i n g  
g r a v i t y  r e t a i n i n g  w a l l  i n  London, England.  



and s t a b i l i z e  t h e  w a l l .  A s i m i l a r  t i e b a c k  i n s t a l l a t i o n  was used d u r i n g  t h e  
r e n o v a t i o n  o f  t h e  Red Line  Ex tens ion  i n  Boston,  Massachuse t t s .  The t i e b a c k s  
were i n s t a l l e d  i n  o r d e r  t o  a l l o w  t h e  e x i s t i n g  roadbed t o  be lowered a t  f o u r  
b r i d g e  abutments .  

C a l i f o r n i a  and Washing t o n  S t a t e  highway depar tments  have used 
permanently t i e d b a c k  w a l l s  t o  widen roadways under  e x i s t i n g  b r i d g e s  . F i g u r e  
31 shows how t h e s e  w a l l s  were b u i l t .  The w a l l  i n s t a l l e d  i n  Sacramento,  
C a l i f o r n i a  was des igned  t o  suppor t  t h e  f i l l  behind t h e  abu tment ,  and t h e  
w a l l  a t  Swamp Creek,  Washington was des igned  t o  u n d e r p i n  t h e  abutment and 
suppor t  t h e  f i l l  behind i t .  

F i g u r e  31. Permanent t i e b a c k s  used f o r  t h e  widening of a 
highway under  a n  e x i s t i n g  b r i d g e .  

F i g u r e  32 shows w a l l s  which were t i e d b a c k  i n  a  g l a c i a l  t i l l  i n  Tacoma, 
Washington. The w a l l s  were o l d  basement w a l l s  which were l e f t  i n  p l a c e  upon 
d e m o l i t i o n  o f  t h e  s t r u c t u r e s .  Anchoring t h e  w a l l s  a l lowed  t h e  c i t y  of  
Tacoma t o  b u i l d  pa rk ing  l o t s  i n  t h e  downtown a r e a  wi thou t  d i s r u p t i n g  
t r a f f i c .  These w a l l s  a l s o  were v e r y  i n e x p e n s i v e  when compared t o  t h e  c o s t  
of a  new w a l l .  

E x i s t i n g  r e t a i n i n g  s t r u c t u r e s  which a r e  o v e r t u r n i n g  o r  i n v o l v e d  i n  a  
l a n d s l i d e  can  be s t a b i l i z e d  by permanent t i e b a c k s .  F igure  33 shows a  
t i e b a c k  scheme used t o  s t a b i l i z e  a n  e x i s t i n g  w a l l  n e a r  P i t t s b u r g h ,  
Pennsylvania .  It was determined t h a t  t h e  s o i l  behind and undernea th  t h e  
w a l l  was moving down t h e  s l o p e  c a r r y i n g  t h e  w a l l  w i t h  i t .  The w a l l  was 
s t a b i l i z e d  by a  combinat ion of permanent rock  t i e b a c k s  and b r a c k e t  p i l e s .  

K. Dam Tiedowns 

E x i s t i n g  g r a v i t y  dams a r e  o f t e n  s t r e n g t h e n e d  u s i n g  t iedowns.  The 
t iedowns a r e  used t o  i n c r e a s e  r e s i s t a n c e  t o  o v e r t u r n i n g  and s l i d i n g .  They 



a )  Completed pa rk ing  l o t  w a l l  ( c o u r t e s y  Donald B. Murphy). 

b)  S e c t i o n .  

E x i s t i n g  Roadway 
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F i g u r e  3 2 .  Tiedback e x i s t i n g  f o u n d a t i o n  w a l l s  
i n  Tacoma, Washington. 
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F i g u r e  3 3 .  Permanent  t i e b a c k s  u s e d  t o  s t a b i l i z e  a  f a i l i n g  r e t a i n i n g  w a l l .  

a r e  a l s o  u s e d  f o r  t h e  r a i s i n g  o f  e x i s t i n g  dams. F i g u r e  34 shows how r o c k  
t i edowns  were  u s e d  a t  Habersham Mills D a m ,  Habersham County,  Georg ia .  The 
t i edowns  were  i n s t a l l e d  t o  i n c r e a s e  r e s i s t a n c e  t o  o v e r t u r n i n g  and s l i d i n g .  
Tiedowns were  u s e d  a t  t h e  Conowingo Dam on  t h e  Susquehanna R i v e r  i n  
Maryland.  They were  i n s t a l l e d  t o  a l l o w  a  h i g h e r  poo l  e l e v a t i o n .  Without  a n  
i n c r e a s e  i n  p o o l  e l e v a t i o n ,  a d d i t i o n a l  s p i l l w a y s  would have been  r e q u i r e d  t o  
p e r m i t  t h e  p a s s i n g  o f  t h e  p r o b a b l e  maximum f l o o d  [ 1 6 ] .  

L.  Br idge  P i e r s  

I n  mounta inous  a r e a s  i t  i s  n e c e s s a r y  t o  c o n s t r u c t  new b r i d g e  p i e r s  i n t o  
t h e  s i d e s  o f  e x i s t i n g  s l o p e s .  P i e r s  b u i l t  a t  s u c h  l o c a t i o n s  must  be c a p a b l e  
of  w i t h s t a n d i n g  l a t e r a l  l o a d s .  F i g u r e  35 shows how permanent  t i e b a c k s  were 
used  t o  p r o t e c t  a b r i d g e  a l o n g  Tauern  Autobahn,  A u s t r i a .  The pe rmanen t ly  
t i e d b a c k  w a l l  and  b u t t r e s s e s  were i n s t a l l e d  p r i o r  t o  c o n s t r u c t i n g  t h e  p i e r  
and t h e y  were  a l s o  u s e d  t o  s u p p o r t  t h e  s l o p e  and t o  p r o t e c t  t h e  p i e r .  

M .  Underground Caverns  

Underground c a v e r n s  a r e  b u i l t  f o r  s t o r a g e ,  power h o u s e s ,  v e n t i l a t i n g  
b u i l d i n g s ,  and o t h e r  p u r p o s e s .  Today, many o f  t h e s e  l a r g e  r o c k  o p e n i n g s  a r e  
s u p p o r t e d  u s i n g  permanent  r o c k  t i e b a c k s ,  b e a r i n g  pads ,  and s h o t c r e t e .  When 
t h e  t i e b a c k s  a r e  t e n s i o n e d ,  t h e y  c r e a t e  a  r o c k  compress ion  r i n g  a round  t h e  



a )  I n s t a l l a t i o n  of dam t i edowns .  
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b )  S e c t i o n .  

F i g u r e  34 .  Permanent  t i edowns  u s e d  t o  i n c r e a s e  t h e  s t a b i l i t y  
of Habersham % i l l s  Dam, Habersham County ,  GA. 
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c a v e r n .  T h i s  p o s t - t e n s i o n e d  r i n g  i s  c a p a b l e  o f  accommodating t h e  changes  i n  
t h e  s t a t e  o f  s t ress a round  a  l a r g e  open ing  and c o n t r o l l i n g  t h e  d e f o r m a t i o n s  
o f  t h e  r o c k  mass .  

N. Reac to r  Conta inment  V e s s e l s  

The s e c o n d a r y  con ta inmen t  s t r u c t u r e s  f o r  t h e  R. E .  Ginna Nuc lea r  Power 
S t a t i o n ,  Wayne, New York; and t h e  B e l l e f o n t e  Nuclear  Power P l a n t ,  Jackson 
Alabama, a r e  anchored  t o  t h e  f o u n d a t i o n  u s i n g  r o c k  t i edowns .  



CHAPTER 5 - CORROSION PROTECTION 

Temporary and permanent t i e b a c k s  a r e  performing w e l l  i n  a  v a r i e t y  of 
environments .  There have been no r e p o r t e d  t i e b a c k  c o r r o s i o n  f a i l u r e s  where 
t h e  tendon was p r o p e r l y  encased i n  cement g r o u t  (See Page 71) .  However, few 
permanent t i e b a c k s  have been i n  s e r v i c e  f o r  more t h a n  2 5  y e a r s ,  and most 
s t r u c t u r e s  a r e  des igned  t o  l a s t  l o n g e r  than  2 5  y e a r s .  S ince  i t  i s  no t  
p o s s i b l e  t o  prove t h e  long-term c o r r o s i o n  performance of  a  t i e b a c k  from 
a c t u a l  i n s t a l l a t i o n s ,  i t  i s  n e c e s s a r y  t o  s t u d y  t h e  c o r r o s i o n  performance of 
o t h e r  s t r u c t u r e s  and e x t r a p o l a t e  t h e i r  behav io r  t o  t i e b a c k s .  It i s  e v i d e n t  
from many e x i s t i n g  s t r u c t u r e s ,  t h a t  w i t h  adequa te  a t t e n t i o n  t o  d e s i g n  
d e t a i l s  and c o n s t r u c t i o n ,  t i e b a c k s  can  he used w i t h  l i f e  e x p e c t a n c i e s  
comparable t o  normal w e l l - c o n s t r u c t e d  r e i n f o r c e d  c o n c r e t e  s t r u c t u r e s .  

Th i s  c h a p t e r  c o n t a i n s  a  review of  b a s i c  c o r r o s i o n  t h e o r y ,  a n  e v a l u a t i o n  
of t h e  c o r r o s i o n  performance of s e l e c t e d  s t r u c t u r e s ,  i d e n t i f i c a t i o n  of  t h e  
c o r r o s i o n  mechanisms t h a t  might a f f e c t  a  t i e b a c k ,  a n  e x p l a n a t i o n  f o r  t h e  
e x c e l l e n t  c o r r o s i o n  performance of t i e b a c k s ,  and recommendations f o r  t h e  
c o r r o s i o n  p r o t e c t i o n  of  t i e b a c k s .  The s e l e c t i o n  and d u r a b i l i t y  of cement 
g r o u t s  and t h e  s e l e c t i o n  of c o r r o s i o n  p r o t e c t i o n  m a t e r i a l s  a r e  d i s c u s s e d  i n  
Chapter 8.  

THEORY 

Cor ros ion  of s t e e l  i s  a n  e l e c t r o c h e m i c a l  p r o c e s s .  Romanoff s t a t e d :  

"For e l e c t r o c h e m i c a l  c o r r o s i o n  t o  o c c u r ,  t h e r e  must 
be a  p o t e n t i a l  d i f f e r e n c e  between two p o i n t s  t h a t  a r e  
e l e c t r i c a l l y  connected and immersed i n  a n  e l e c t r o l y t e .  
Whenever t h e s e  c o n d i t i o n s  a r e  f u l f i l l e d ,  a  s m a l l  c u r r e n t  
f lows  from t h e  anode a r e a  th rough  t h e  e l e c t r o l y t e  t o  t h e  
ca thode  a r e a  and t h e n  th rough  t h e  m e t a l  t o  complete  t h e  
c i r c u i t ,  and t h e  anode a r e a  i s  t h e  one t h a t  h a s  t h e  most 
n e g a t i v e  p o t e n t i a l ,  and i s  t h e  a r e a  t h a t  becomes corroded 
th rough  l o s s  of  me ta l  i o n s  t o  t h e  e l e c t r o l y t e .  The 
ca thode  a r e a ,  t o  which t h e  c u r r e n t  f lows  through t h e  
e l e c t r o l y t e  i s  p r o t e c t e d  from c o r r o s i o n  because of  t h e  
d e p o s i t i o n  of hydrogen o r  o t h e r  i o n s  t h a t  c a r r y  t h e  
c u r r e n t .  

"The e l e c t r o c h e m i c a l  t h e o r y  of c o r r o s i o n  i s  s i m p l e ,  
i . e . ,  c o r r o s i o n  o c c u r s  th rough  t h e  l o s s  of m e t a l  i o n s  a t  
anode p o i n t s  o r  a r e a s .  However, c o r r e l a t i o n  o f  t h i s  
t h e o r y  w i t h  a c t u a l  o r  p o t e n t i a l  c o r r o s i o n  of m e t a l s  
underground i s  compl icated and d i f f i c u l t  because o f  t h e  
many f a c t o r s  t h a t  s i n g l y  o r  i n  combinat ion a f f e c t  t h e  
c o u r s e  of  t h e  e l e c t r o c h e m i c a l  r e a c t i o n .  These f a c t o r s  
no t  o n l y  de te rmine  t h e  amount o r  r a t e  a t  which c o r r o s i o n  
o c c u r s  bu t  a l s o  t h e  k ind  of  c o r r o s i o n . "  2 1  - 

2 1  Repr in ted  from Underground Cor ros ion  by Melvin Romanoff [16]  



D i s s i m i l a r  m e t a l  e l e c t r o d e s  immersed i n  a n  e l e c t r o l y t e  form a  g a l v a n i c  
c e l l .  F i g u r e  36  shows a  g a l v a n i c  c e l l .  An e l e c t r o l y t e  i s  a  s o l u t i o n  
c a p a b l e  o f  conduc t ing  e l e c t r i c a l  c u r r e n t  by i o n i c  f low. When t h e  e l e c t r o d e s  
a r e  connected by a  w i r e ,  c u r r e n t  f lows through t h e  wi re  from t h e  p o s i t i v e  
e l e c t r o d e  t o  t h e  n e g a t i v e  e l e c t r o d e .  In  a  c u r r e n t  g e n e r a t i n g  c e l l ,  t h e  
e l e c t r o d e  w i t h  a  n e g a t i v e  charge  i s  t h e  anode. Cur ren t  i s  assumed t o  f low 
from t h e  p o s i t i v e  t o  t h e  n e g a t i v e  e l e c t r o d e  through t h e  w i r e  even though 
e l e c t r i c a l  c u r r e n t  r e s u l t s  from t h e  f low o f  e l e c t r o n s .  E l e c t r o n s  t r a v e l  
from n e g a t i v e  t o  p o s i t i v e  e l e c t r o d e s  o p p o s i t e  t o  t h e  f low o f  c u r r e n t .  

E l e c t r i c a l  

E l e c t r o l y  

Cur ren t  --- 
+ - 

- - 

t e  Anions , 
d-, Corros ion  

F igure  36. Galvanic  c e l l .  

The e l e c t r o d e  a t  which chemical  r e d u c t i o n  o c c u r s  i s  c a l l e d  t h e  c a t h o d e .  
A t  t h e  ca thode ,  c u r r e n t  e n t e r s  t h e  e l e c t r o d e  from t h e  e l e c t r o l y t e .  Examples 
o f  ca thode  e l e c t r o c h e m i c a l  r e a c t i o n s  a r e :  

The e l e c t r o d e  a t  which chemical  o x i d a t i o n  o c c u r s  i s  c a l l e d  t h e  anode. 
A t  t h e  anode,  c u r r e n t  l e a v e s  t h e  e l e c t r o d e  and e n t e r s  t h e  e l e c t r o l y t e .  
Cor ros ion  a t  t h e  anode i s  t h e  r e s u l t  o f  m e t a l  i o n s  e n t e r i n g  t h e  e l e c -  
t r o l y t e .  An example o f  a n  anode e l e c t r o c h e m i c a l  r e a c t i o n  i s :  

I n  a  g a l v a n i c  c e l l ,  t h e  ca thode  i s  t h e  p o s i t i v e  pole  and t h e  anode i s  
t h e  n e g a t i v e  po le .  C a t i o n s ,  p o s i t i v e l y  charged i o n s  (H+, ~ a + ,  K + ) ,  
m i g r a t e  toward t h e  c a t h o d e  when c u r r e n t  f lows.  Anions, n e g a t i v e l y  charged 
i o n s  ( ~ l - ,  OH-, SO;-), m i g r a t e  toward t h e  anode.  



F a r a d a y l s  law i s  used t o  g i v e  t h e  weight  o f  me ta l  r e a c t i n g  i n  a  g a l v a n i c  
c o r r o s i o n  c e l l :  

Weight o f  m e t a l  r e a c t i n g  = k I t  

where:  I = Corros ion  c u r r e n t  i n  ampheres 
t = Time i n  seconds  
k = E l e c t r o c h e m i c a l  e q u i v a l e n t  i n  grams p e r  coulomb. 

A. Elec t rochemica l  C e l l s  

Cor ros ion  i s  a n  e l e c t r o c h e m i c a l  p rocess  and i t  i s  d i v i d e d  i n t o  two broad 
c l a s s i f i c a t i o n s ;  g a l v a n i c  and s t r a y - c u r r e n t  c o r r o s i o n .  

Galvanic  Cor ros ion  

Galvanic  c o r r o s i o n  o f  a  m e t a l  i n  a n  e l e c t r o l y t e  occurs  when a  g a l v a n i c  
c u r r e n t  o r g i n a t e s  between d i s c r e t e  a r e a s  o f  o x i d a t i o n  (anode) and r e d u c t i o n  
( c a t h o d e )  r e a c t i o n s .  Galvanic  c u r r e n t s  a r e  t h e  r e s u l t s  r a t h e r  t h a n  t h e  
cause  o f  c o r r o s i o n .  

The most common t y p e s  o f  g a l v a n i c  c o r r o s i o n  c e l l s  a r e  d i s s i m i l a r  m e t a l  
and d i f f e r e n t i a l  c o n c e n t r a t i o n  c e l l s .  D i f f e r e n t i a l  c o n c e n t r a t i o n  c e l l s  
i n c l u d e  a  common m e t a l  i n  c o n t a c t  w i t h  d i f f e r e n t  s a l t  c o n c e n t r a t i o n s  o r  more 
i m p o r t a n t l y  i n  c o n t a c t  w i t h  d i f f e r e n t  oxygen c o n c e n t r a t i o n s  ( d i f f e r e n t i a l  
a e r a t i o n  c e l l ) .  

Macroce l l  c o r r o s i o n  sys tems have anod ic  and c a t h o d i c  a r e a s  which a r e  
e a s i l y  d i s c e r n i b l e  t o  t h e  naked eye.  The anod ic  and c a t h o d i c  a r e a s  o f  
m i c r o c e l l  c o r r o s i o n  sys tem a r e  n o t  e a s i l y  v i s i b l e .  They u s u a l l y  a r e  l e s s  
t h a n  0.04 i n c h e s  ( 1 . 0  mm) i n  s i z e .  The r e l a t i v e  s i z e  o f  t h e  anode and 
ca thode  i s  a  s i g n i f i c a n t  f a c t o r  i n  d e t e r m i n i n g  t h e  i n t e n s i t y  o f  t h e  
c o r r o s i o n .  I f  t h e  anode a r e a  i s  l a r g e  and t h e  ca thode  a r e a  s m a l l ,  t h e  
c o r r o s i o n  c u r r e n t  d e n s i t y  a t  t h e  anode w i l l  be low and c o r r o s i o n  w i l l  be 
uniform and n e g l i g i b l e .  For t h e  same p o t e n t i a l  d i f f e r e n c e ,  i f  t h e  ca thode  
a r e a  i s  l a r g e  and t h e  anode a r e a  i s  s m a l l ,  t h e  anode c o r r o s i o n  d e n s i t y  w i l l  
be h i g h ,  and i n t e n s e  p i t t i n g  i s  l i k e l y  t o  occur .  The s m a l l e r  t h e  anod ic  
a r e a  t h e  more s e v e r e  t h e  a t t a c k  s i n c e  t h e  m e t a l  l o s s  i s  d i r e c t l y  r e l a t e d  t o  
t h e  c o r r o s i o n  c u r r e n t  by F a r a d a y ' s  law ( ~ ~ u a t i o n  [ 4 ] ) .  The anode c o r r o s i o n  
d e n s i t y  i s  t h e  c o r r o s i o n  c u r r e n t  d i v i d e d  by t h e  anode a r e a .  

D i s s i m i l a r  m e t a l  c e l l s  ( g a l v a n i c  c e l l s )  r e s u l t  when two m e t a l s  such a s  
i r o n  and copper  a r e  m e t a l l i c a l l y  coupled i n  a  common e l e c t r o l y t e  ( s e e  F igure  
3 6 ) .  These c e l l s  may a l s o  deve lop  when cold-worked meta l  i s  i n  c o n t a c t  w i t h  
t h e  same m e t a l  a n n e a l e d ,  grain-boundary meta l  i s  i n  c o n t a c t  w i t h  m e t a l  
g r a i n s ,  a  s i n g l e  meta l  c r y s t a l  i s  i n  c o n t a c t  w i t h  a n o t h e r  c r y s t a l  o f  
d i f f e r i n g  o r i e n t a t i o n ,  and s t e e l  w i t h  m i l l  s c a l e  i s  i n  c o n t a c t  w i t h  a r e a s  
where t h e  m i l l  s c a l e  h a s  been removed. 

D i f f e r e n t i a l  c o n c e n t r a t i o n  c e l l s  may be e s t a b l i s h e d  when a  m e t a l  i s  
l o c a t e d  i n  e l e c t r o l y t e s  whose i o n i c  c o n c e n t r a t i o n s  vary  a l o n g  t h e i r  l e n g t h  
(See  Figure  3 7 ) .  The p o r t i o n  o f  t h e  m e t a l  i n  t h e  d e l u t e  s o l u t i o n  would be 
a t t a c k e d .  D i f f e r e n t i a l  c o n c e n t r a t i o n  c e l l s  o f t e n  cause  p i t t i n g  c o r r o s i o n .  



E l e c t r i c a l  Cur ren t  

F igure  37 .  D i f f e r e n t i a l  c o n c e n t r a t i o n  c e l l .  
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D i f f e r e n c e s  i n  oxygen c o n c e n t r a t i o n  on t h e  s u r f a c e  of  a  m e t a l  produces  
d i f f e r e n t i a l  a e r a t i o n  c e l l s  (See F igure  38) .  The a r e a  t h a t  i s  p o o r l y  
a e r a t e d  i s  t h e  anode,  and t h e  b e t t e r  a e r a t e d  a r e a  i s  t h e  ca thode .  Cor ros ion  
o c c u r s  a t  t h e  anode,  and i t  o f t e n  t a k e s  t h e  form of p i t t i n g  c o r r o s i o n .  
D i f f e r e n t i a l  a e r a t i o n  c e l l s  f r e q u e n t l y  e x i s t  on s t e e l  i n  c o n c r e t e  i n  t h e  
p resence  of  c h l o r i d e s  and oxygen. 
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D i f f e r e n t i a l  s t r e s s  c e l l s  may deve lop  i n  a  m e t a l  when t h e  s t r e s s  l e v e l  
v a r i e s .  S t r e s s  v a r i a t i o n s  can  r e s u l t  from cold-working,  bending,  o r  
mechanical  damage. 
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S t r a y  d i r e c t  c u r r e n t s  a r e  p r e s e n t  i n  t h e  s o i l  a s  a  r e s u l t  of  e l e c t r i c a l  
l e a k s ,  o r  f a i l u r e  t o  p rov ide  p o s i t i v e  and permanent e l e c t r i c a l  grounding.  
D i r e c t  c u r r e n t  e l e c t r i f i e d  r a i l w a y s  and welding o p e r a t i o n s ,  grounded d i r e c t  
c u r r e n t  power sys tems ,  c a t h o d i c  p r o t e c t i o n  r e c t i f i e r s  and ground beds ,  and 
e l e c t r o p l a t i n g  p l a n t s  a r e  p o t e n t i a l  s t r a y  c u r r e n t  s o u r c e s .  In  t h e s e  
sys tems ,  a  p o r t i o n  of  t h e  c u r r e n t  l e a k s  i n t o  a  s t r u c t u r e  and t h e n  d i s c h a r g e s  
back i n t o  t h e  s o i l  a t  a n o t h e r  p o i n t  some d i s t a n c e  away. S t r a y  c u r r e n t s  
cause  c o r r o s i o n  t o  o c c u r  a t  t h e  l o c a t i o n s  where t h e  c u r r e n t  l e a v e s  t h e  
s t r u c t u r e  and e n t e r s  t h e  s o i l  o r  w a t e r  e l e c t r o l y t e .  F igure  39 shows a  
s t r a y - c u r r e n t  c o r r o s i o n  system a t t a c k i n g  a  bur ied  p i p e .  
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F i g u r e  38. D i f f e r e n t i a l  a e r a t i o n  c e l l .  
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E l e c t r i c a l  C u r r e n t  
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F i g u r e  39. S t r a y - c u r r e n t  c o r r o s i o n  sys t em.  
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B. Tvpes o f  C o r r o s i o n  

S t e e l s  a r e  s u b j e c t  t o  u n i f o r m  s u r f a c e  c o r r o s i o n ,  p i t t i n g  and 
e m b r i t t l e m e n t  c o r r o s i o n .  

Uniform Sur f  a c e  C o r r o s i o n  

Uniform s u r f a c e  c o r r o s i o n  i s  c a u s e d  by e l e c t r o c h e m i c a l  r e a c t i o n s  which  
p roceed  u n i f o r m l y  o v e r  t h e  e n t i r e  m e t a l  s u r f a c e .  When a  m e t a l  u n i f o r m l y  
c o r r o d e s ,  t h e  m e t a l  l o s s  c a n  be e s t i m a t e d .  Uniform s u r f a c e  c o r r o s i o n  i s  a  
r e s u l t  o f  m i c r o c e l l  c o r r o s i o n .  

P i t t i m  C o r r o s i o n  

P i t t i n g  c o r r o s i o n  o f  a  m e t a l  i s  t h e  r e s u l t  o f  i n t e n s e  l o c a l i z e d  a t t a c k  
i n  a n  e l e c t r o l y t e .  P i t t i n g  i s  one  o f  t h e  most  d e s t r u c t i v e  fo rms  o f  
c o r r o s i o n .  It i s  u n p r e d i c t a b l e ,  b o t h  i n  r a t e  and  l o c a t i o n .  T h i s  form o f  
c o r r o s i o n  d o e s  n o t  r e q u i r e  s t r e s s ,  b u t  s t r e s s  w i l l  a c c e l e r a t e  t h e  
development  o f  a  p i t .  P i t t i n g  c o r r o s i o n  i s  o f  p a r t i c u l a r  c o n c e r n  w i t h  
p r e s t r e s s i n g  s t e e l s  s i n c e  t h e y  a r e  s u b j e c t e d  t o  h i g h  s t r e s s e s  and  have  s m a l l  
c r o s s - s e c t i o n a l  a r e a s .  R e d u c t i o n  i n  a r e a  a t  a  p i t ,  i f  a l l o w e d  t o  c o n t i n u e ,  
w i l l  l e a d  t o  a  d u c t i l e  f a i l u r e  o f  a  s t r e s s e d  member. S t r e s s - c o r r o s i o n  
c r a c k i n g  may a p p e a r  t o  be s i m i l a r  t o  p i t t i n g ,  b u t  i t  c a u s e s  a  b r i t t l e  
f a i l u r e .  S t r e s s  c o r r o s i o n  i s  d i s c u s s e d  on  Page 53. 

P i t t i n g  c o r r o s i o n  i s  a  u n i q u e  t y p e  o f  g a l v a n i c  c o r r o s i o n .  Once 
i n i t i a t e d ,  t h e  c o r r o s i o n  p r o c e s s  w i t h i n  t h e  p i t  p r o d u c e s  a  c o n d i t i o n  
s t i m u l a t i n g  and  s u s t a i n i n g  f u r t h e r  c o r r o s i o n .  F i g u r e  40 i l l u s t r a t e s  t h e  
p i t t i n g  p r o c e s s  o f  a  f e r r o u s  m e t a l  i n  a n  a e r a t e d  e l e c t r o l y t e  c o n t a i n i n g  
sodium c h l o r i d e .  

N a C l  NaCl 

C o r r o s i o n  products--7- 

F i g u r e  40. P i t  deve lopment  i n  a  f e r r o u s  m e t a l .  



The p i t  i s  formed a t  a n  a r e a  where c h l o r i d e  i o n s  l o c a l l y  weaken t h e  
pass ive  f i l m  which p r o t e c t s  t h e  s t e e l .  The anode i s  e s t a b l i s h e d  where t h e  
p a s s i v e  f i l m  i s  d e s t r o y e d  and t h e  su r round ing  s t e e l  becomes c a t h o d i c .  The 
o x i d a t i o n  r e a c t i o n  a t  t h e  anode i s  g i v e n  by t h e  Equat ion ( 3 ) ,  and t h e  
r e d u c t i o n  r e a c t i o n s  a t  t h e  ca thode  a r e  g i v e n  by e q u a t i o n s  ( 1 )  and ( 2 ) .  
The o v e r a l l  r e a c t i o n  t h a t  produces  t h e  c o r r o s i o n  p r o d u c t s  su r round ing  the  
p i t  i s  g i v e n  by t h e  e q u a t i o n s :  

I n  oxygenated w a t e r s  t h e  r e a c t i o n  would c o n t i n u e  t o  y i e l d  r u s t  ( c o r r o s i o n  
p r o d u c t s )  i n  many forms such a s :  

C lea r  [ I231 r e p o r t e d  t h a t  a  d i f f e r e n t  anode e l e c t r o c h e m i c a l  r e a c t i o n  may 
cause  t h e  c o r r o s i o n  of  r e i n f o r c i n g  ba r s  i n  c h l o r i d e  contaminated c o n c r e t e .  
With oxygen a b s e n t  a t  t h e  anode,  he s u g g e s t s  t h a t  t h e  anode r e a c t i o n  would 
be : 

fo l lowed by : 

The C 1 -  i o n s  f a c i l i t a t e s  t h e  c o r r o s i o n  a t  t h e  anode th rough  i r o n  c h l o r i d e  
complexing and h y d r o l y s i s .  The H+ i o n s  g e n e r a t e d  a r e  r e s p o n s i b l e  f o r  t h e  
low pH i n  t h e  p i t .  

Regard less  which r e a c t i o n  o c c u r s ,  a s  t h e  c o r r o s i o n  p r o c e s s  c o n t i n u e s ,  
t h e  pH of t h e  ca thode  i n c r e a s e s  a s  hydroxyl  i o n s  accumulate .  The c o r r o s i o n  
p r o d u c t s  a l s o  r e t a r d  t h e  d i f f u s i o n  of oxygen i n t o  t h e  p i t  s u s t a i n i n g  a  
d i f f e r e n t i a l  a e r a t i o n  c e l l  between t h e  p i t  and t h e  b e t t e r  a e r a t e d  c a t h o d i c  
a r e a .  I n  a d d i t i o n ,  c h l o r i d e  and t h e  o t h e r  a n i o n s  p r e s e n t  i n  t h e  e l e c t r o l y t e  
m i g r a t e  i n t o  t h e  p i t  (anode)  under t h e  i n f l u e n c e  of t h e  c o r r o s i o n  c u r r e n t .  
The pH w i t h i n  t h e  p i t  t h e n  becomes lower w i t h  t ime .  Hydrogen i o n  
c o n c e n t r a t i o n s  (pH) a s  low a s  2.5 have been measured w i t h i n  p i t s .  When t h e  
pH d r o p s  below 9 . 5  t h e  p a s s i v e  f i l m  which p r o t e c t s  t h e  s t e e l  w i l l  n o t  
deve lop ,  and when t h e  pH drops  below 4 . 5  a c i d i c  a t t a c k  o c c u r s .  

B a c t e r i a l  Cor ros ion  

S u l f a t e - r e d u c i n g  a n e r o b i c  b a c t e r i a  a r e  o f t e n  r e s p o n s i b l e  f o r  
a c c e l e r a t i n g  t h e  c o r r o s i o n  of i r o n  and s t e e l  i n  d e a e r a t e d  s o i l s .  These 
b a c t e r i a  e x i s t  throughout  t h e  world when m o i s t u r e ,  s u l f a t e s ,  and o r g a n i c  
m a t t e r  a r e  p r e s e n t .  They a r e  most a c t i v e  i n  s o i l s  w i t h  a  pH between 6.2 and 
7 .8  [ 1 7 ] .  They do  n o t  s u r v i v e  i n  h igh  pH environments .  Wet c l a y s ,  marshes ,  
and o r g a n i c  s o i l s  below t h e  wa te r  t a b l e  a r e  l i k e l y  t o  have a c t i v e  
s u l f  a t e - reduc ing  b a c t e r i a .  

These b a c t e r i a  r educe  i n o r g a n i c  s u l f a t e s  t o  s u l f i d e s  i n  t h e  p resence  of 
hydrogen o r  o r g a n i c  m a t t e r .  I f  t h e  b a c t e r i a  a r e  i n  d i r e c t  c o n t a c t  w i t h  b a r e  



i r o n  o r  s t e e l ;  t h e  m e t a l  w i l l  supp ly  hydrogen,  which i s  absorbed on i t s  
s u r f a c e ,  t o  be used i n  t h e  r e d u c t i o n  of  t h e  s u l f a t e s .  A s  t h e  hydrogen i s  
consumed, f e r r o u s  i o n s  from t h e  m e t a l  e n t e r  s o l u t i o n  t o  form r u s t  and 
f e r r o u s  s u l f i d e .  

S t ress -Cor ros ion  Cracking 

S t r e s s - c o r r o s i o n  c r a c k i n g  i s  a  b r i t t l e  f a i l u r e  which o c c u r s  when a  
normal ly  d u c t i l e  m e t a l  o r  a l l o y  i s  s u b j e c t e d  t o  t e n s i l e  s t r e s s e s  above a  
t h r e s h o l d  l e v e l  i n  t h e  p resence  of  s p e c i f i c  c o r r o s i v e  environments .  The 
m e t a l l u r g i c a l  and env i ronmenta l  f a c t o r s  which c o n t r o l  t h e  c r a c k i n g  a r e  no t  
comple te ly  unders tood .  Most r e s e a r c h  t o  d a t e  h a s  c o n c e n t r a t e d  on 
i d e n t i f y i n g  a l l o y s  which a r e  r e s i s t a n t  t o  a t t a c k  i n  s p e c i f i c  env i ronments .  

S t r e s s - c o r r o s i o n  c r a c k i n g  i s  a n  a n o d i c  c o r r o s i o n  p r o c e s s  w i t h  t h e  c r a c k  
deve lop ing  a t  a n o d i c  s i t e s .  As c o r r o s i o n  c o n t i n u e s ,  t h e  c r a c k  t i p  moves 
deeper  i n t o  t h e  m e t a l  u n t i l  t h e  c r o s s - s e c t i o n a l  a r e a  i s  reduced c a u s i n g  a  
b r i t t l e  f a i l u r e .  Uhl ig  [la] i n d i c a t e s  t h a t  h igh  s t r e n g t h  s t e e l s  w i t h  y i e l d  
s t r e n g t h s  above 180  k s i  (1 ,241 MPa), o r  a  Rockwell C h a r d n e s s  v a l u e  g r e a t e r  
t h a n  f o r t y  a r e  s u s c e p t i b l e  t o  s t r e s s - c o r r o s i o n  c r a c k i n g .  P h i l l i p s  [ I 9  ] 
f u r t h e r e d  s t a t e d  t h a t  i f  s u l f i d e s  a r e  p r e s e n t ,  s t e e l s  w i t h  a  Rockwell C 
h a r d n e s s  g r e a t e r  t h a n  twenty-two a r e  s u s c e p t i b l e  t o  s t r e s s - c o r r o s i o n  
c r a c k i n g .  

Hvdroaen Embr i t t l ement  

Hydrogen e m b r i t t l e m e n t  o c c u r s  when a tomic  hydrogen r e s u l t i n g  from a  
c o r r o s i o n  r e a c t i o n  o r  c a t h o d i c  p o l a r i z a t i o n  e n t e r s  t h e  m e t a l  l a t t i c e  a t  
c a t h o d i c  s i t e s ,  and upon r e a c h i n g  a  vo id  of  f a v o r a b l e  s i t e ,  combines t o  form 
molecu la r  hydrogen.  S u l f i d e  i o n s  a c c e l e r a t e  hydrogen e m b r i t t l e m e n t  by 
"po i son ing"  t h e  s t e e l  s u r f a c e  e n a b l i n g  a tomic  hydrogen t o  e a s i l y  p e n e t r a t e  
t h e  m e t a l .  The i n t e r s t i t i a l  molecu la r  hydrogen s i g n i f i c a n t l y  reduces  t h e  
d u c t i l i t y  of  t h e  m e t a l .  Hydrogen e m b r i t t l e m e n t  does  n o t  have t o  be 
accompanied by v i s u a l  ev idence  of c o r r o s i o n ,  but  under  h igh  t e n s i l e  
s t r e s s e s ,  c r a c k i n g  and b r i t t l e  f a i l u r e s  r e s u l t .  Hydrogen may e n t e r  t h e  
m e t a l  o v e r  a n  extended p e r i o d  of t i m e ,  and hydrogen e m b r i t t l e m e n t  f a i l u r e s  
have been r e p o r t e d  y e a r s  a f t e r  comple t ion  of  t h e  s t r u c t u r e .  

CORROSION PERFORMANCE OF STEEL I N  SOILS 

A.  N a t i o n a l  Bureau of  S t a n d a r d s  T e s t s  

The N a t i o n a l  Bureau of S t a n d a r d s  ( N B S )  performed e x t e n s i v e  s t u d i e s  of 
underground c o r r o s i o n  between 1910 and 1955. More t h a n  36,500 m e t a l  samples 
were exposed a t  128 t e s t  l o c a t i o n s  throughout  t h e  United S t a t e s .  In  1957 - 

Romanoff p r e s e n t e d  t h e  r e s u l t s  of  t h e s e  i n v e s t i g a t i o n s  i n  Underground 
Cor ros ion  [ 1 7 ] .  When t h e  NBS work was begun, s t r a y  e l e c t r i c a l  c u r r e n t s  were 
assumed t o  be r e s p o n s i b l e  f o r  underground c o r r o s i o n .  The s t u d i e s  showed 
t h a t  most underground c o r r o s i o n  was a  complex e l e c t r o c h e m i c a l  p r o c e s s  
dependent upon t h e  p r o p e r t i e s  o f  t h e  s o i l .  

The NBS s t u d i e s  were p r i m a r i l y  concerned w i t h  bur ied  p i p e l i n e  
c o r r o s i o n .  S i n c e  p i p e s  a r e  i n s t a l l e d  i n  b a c k f i l l e d  t r e n c h e s ,  t h e  NBS work 



was per formed on  spec imens  p l a c e d  i n  t r e n c h e s  r a n g i n g  from 1 8  i n c h e s  (46 cm) 
t o  6  f e e t  (1 .8  m )  d e e p .  The f o l l o w i n g  c o n c l u s i o n s  c a n  be  drawn f rom t h e s e  
s t u d i e s :  

1 )  S t r a y  e l e c t r i c a l  c u r r e n t s  were  n o t  s o l e l y  r e s p o n s i b l e  f o r  
underground c o r r o s i o n .  

2 )  Atmospher ic  oxygen o r  o x i d i z i n g  s a l t s  s t i m u l a t e s  c o r r o s i o n  by 
combining  w i t h  m e t a l  i o n s  t o  form o x i d e s ,  h y d r o x i d e s ,  o r  m e t a l l i c  
s a l t s .  

3 )  The p e r m e a b i l i t y  o f  t h e  s o i l ,  m o i s t u r e  c o n t e n t ,  and  s o l u b l e  s a l t  
c o n t e n t  d e t e r m i n e  t h e  e l e c t r i c a l  c o n d u c t i v i t y  o f  t h e  s o i l .  

4 )  C o r r o s i v e  s o i l s  c o n t a i n e d  l a r g e  amounts  o f  s o l u b l e  s a l t s .  
5 )  The l e a s t  c o r r o s i v e  s o i l s  had r e s i s t i v i t i e s  above  3 ,000  ohm-cm and 

low s o l u b l e  s a l t  c o n c e n t r a t i o n s .  

Underground C o r r o s i o n  [ 1 7 ]  a l s o  c o n t a i n e d  a  comple t e  d e s c r i p t i o n  of  t h e  s o i l  
a t  e a c h  t e s t  s i t e .  These  d e s c r i p t i o n s  c a n  be  used  a s  a  g u i d e  t o  i d e n t i f y i n g  
c o r r o s i v e  s o i l s .  

I n  1972  Romanoff [ 2 0 ]  r e p o r t e d  t h a t  d r i v e n  s t e e l  p i l e s  d i d  n o t  
e x p e r i e n c e  a p p r e c i a b l e  c o r r o s i o n  when d r i v e n  i n t o  u n d i s t u r b e d  s o i l s .  These 
f i n d i n g s  were  o b t a i n e d  d u r i n g  NBS s t u d i e s  o f  s t e e l  p i l e  c o r r o s i o n .  Romanoff 
a l s o  s t a t e d  t h a t  t h e  NBS c o r r o s i o n  d a t a  f o r  s t e e l  exposed  i n  d i s t u r b e d  s o i l s  
was n o t  a p p l i c a b l e  t o  s t e e l  p i l e s  d r i v e n  i n  u n d i s t u r b e d  s o i l .  He conc luded :  

" t h a t  s o i l  e n v i r o n m e n t s  which  a r e  s e v e r l y  c o r r o s i v e  
t o  i r o n  and  s t e e l  b u r i e d  unde r  d i s t u r b e d  c o n d i t i o n s  i n  
e x c a v a t e d  t r e n c h e s  were  n o t  c o r r o s i v e  t o  s t e e l  p i l i n g s  
d r i v e n  i n  t h e  u n d i s t u r b e d  s o i l .  The d i f f e r e n c e  i n  
c o r r o s i o n  i s  a t t r i b u t e d  t o  t h e  d i f f e r e n c e s  i n  oxygen 
c o n c e n t r a t i o n .  The d a t a  i n d i c a t e s  t h a t  u n d i s t u r b e d  s o i l s  
a r e  s o  d e f i c i e n t  i n  oxygen a t  l e v e l s  a  few f e e t  below t h e  
ground l i n e  o r  be low t h e  w a t e r  t a b l e  zone t h a t  s t e e l  
p i l i n g s  a r e  n o t  a p p r e c i a b l y  a f f e c t e d  by c o r r o s i o n ,  
r e g a r d l e s s  o f  t h e  s o i l  t y p e s  o r  t h e  s o i l  p r o p e r t i e s .  
P r o p e r t i e s  o f  s o i l s  s u c h  a s  t y p e ,  d r a i n a g e ,  r e s i s t i v i t y ,  
pH, o r  c h e m i c a l  c o m p o s i t i o n  a r e  o f  no p r a c t i c a l  v a l u e  i n  
d e t e r m i n i n g  t h e  c o r r o s i v e n e s s  o f  s o i l s  toward s t e e l  
p i l i n g s  d r i v e n  underground."  - 3 /  

These two NBS s t u d i e s  p r o v i d e  t h e  f o l l o w i n g  i n f o r m a t i o n  t h a t  i s  h e l p f u l  
i n  d e v e l o p i n g  t h e  c o r r o s i o n  p r o t e c t i o n  r e q u i r e m e n t s  f o r  t i e b a c k s :  

1 )  Oxygen would be r e q u i r e d  a t  c a t h o d i c  s i t e s  t o  s u p p o r t  underground 
c o r r o s i o n  o f  a  t i e b a c k  tendon.  

2 )  D i s t u r b e d  s o i l s  ( f i l l s )  c o n t a i n  a n  a d e q u a t e  s u p p l y  o f  oxygen t o  
s u p p o r t  underground c o r r o s i o n ,  a t  l e a s t  a t  s h a l l o w  d e p t h s .  The 
unbonded l e n g t h  and t h e  a n c h o r  head o f  a  t i e b a c k  must  be w e l l  
p r o t e c t e d  i f  t h a y  a r e  i n  a  f i l l .  

31 R e p r i n t e d  f rom " C o r r o s i o n  o f  S t e e l  P i l i n g s  i n  S o i l s "  by Melvin  Romanoff - 
[ 2 0 ] .  Con ta ined  i n  N a t i o n a l  Bureau o f  S t a n d a r d s  Monogram 1 2 7 ,  NBS Paper  

o n  Undergound C o r r o s i o n  o f  S t e e l  P i l i n g s  (1962-1971, March 1972.  



3 )  The a g g r e s s i v e n e s s  of  d i s t u r b e d  s o i l s  can  be measured,  and t h e y  c a n  
be  c l a s s i f i e d  a s  a g g r e s s i v e  and nonaggress ive .  

4 )  Undis turbed s o i l s  were d e f i c i e n t  i n  oxygen a  few f e e t  below t h e  
ground s u r f a c e ,  o r  below t h e  w a t e r  t a b l e .  The anchor  l e n g t h  o f  a  
t i e b a c k  w i l l  be i n s t a l l e d  i n  d e a e r a t e d  s o i l  o r  rock .  

5 )  S t e e l  p i l e s  i n  u n d i s t u r b e d  s o i l s  do  n o t  e x p e r i e n c e  s i g n i f i c a n t  
c o r r o s i o n .  Tieback t endons  i n  u n d i s t u r b e d  s o i l s  shou ld  n o t  
e x p e r i e n c e  c o r r o s i o n  problems. ( P i t t i n g ,  s t r e s s - c o r r o s i o n  c r a c k i n g ,  
and hydrogen e m b r i t t l e m e n t  of  t h e  p r e s t r e s s i n g  s t e e l  must be 
s e p a r a t e l y  e v a l u a t e d  s i n c e  t h e s e  forms of  c o r r o s i o n  would n o t  a f f e c t  
t h e  performance of f o u n d a t i o n  p i l e s .  ) 

6 )  The p o r t i o n  of  p i l i n g s  i n s t a l l e d  i n  f i l l  s o i l s  above t h e  w a t e r  t a b l e  
o r  i n  t h e  zone of  a  f l u c t u a t i n g  w a t e r  t a b l e  were v u l n e r a b l e  t o  
c o r r o s i o n .  The p o r t i o n  of  a  t i e b a c k  tendon i n  a  s i m i l a r  environment 
must be p r o t e c t e d  from c o r r o s i o n .  

B . P i p e l i n e  C o r r o s i o n  

Buried s t e e l  p i p e l i n e s  have numerous c o r r o s i o n  problems and t h e y  a r e  
p r o t e c t e d  by a  v a r i e t y  of means. S t e e l  p i p e l i n e s  a r e  s u b j e c t  t o  
s t r a y - c u r r e n t  c o r r o s i o n ,  d i f f e r e n t i a l  c o n c e n t r a t i o n  and a e r a t i o n  c e l l s ,  and 
d i s s i m i l a r  m e t a l  c e l l s .  P i p e l i n e s  a r e  i n s t a l l e d  i n  b a c k f i l l e d  t r e n c h e s  
e n a b l i n g  a t m o s p h e r i c  oxygen and m o i s t u r e  t o  come i n  c o n t a c t  w i t h  t h e  p i p e .  

P i p e l i n e s  a r e  p r o t e c t e d  by c o a t i n g ,  e n c a p s u l a t i o n ,  impressed c a t h o d i c  
p r o t e c t i o n ,  and s a c r i f i c i a l  anodes .  F i b e r  r e i n f o r c e d  c o a l - t a r  c o a t i n g s  a r e  
t h e  most common p i p e  p r o t e c t i o n .  E l e c t r o s t a t i c a l l y  a p p l i e d  e p o x i e s  have 
proven e f f e c t i v e  i n  p r o t e c t i n g  b u r i e d  p i p e l i n e s  a s  long  a s  t h e y  a r e  n o t  
mechan ica l ly  damaged. M e t a l l i c  c o a t i n g s  have been u s e d ,  hu t  t h e y  
d e t e r i o r a t e  r a p i d l y  when t h e  p i p e  i s  i n  c o n t a c t  w i t h  b a r e  s t e e l  o r  o t h e r  
d i s s i m i l a r  m e t a l s .  P o r t l a n d  cement e n c a p s u l a t i o n  and l i n i n g s  have been used  
t o  p r o t e c t  s t e e l  o r  i r o n  p i p e s .  Heat s h r i n k a b l e  s l e e v e s  w i t h  e l a s t i c  
a d h e s i v e s  a l s o  have been used f o r  p i p e  e n c a p s u l a t i o n .  A combina t ion  of  
impressed c a t h o d i c  p r o t e c t i o n  and r e i n f o r c e d  c o a l - t a r  enamel c o a t i n g s  h a s  
proven t o  be t h e  most e f f e c t i v e  means of  p r o t e c t i n g  b u r i e d  p i p e l i n e s .  The 
c o a t i n g  p r o v i d e s  g e n e r a l  p r o t e c t i o n ,  and t h e  c a t h o d i c  p r o t e c t i o n  c o n t r o l s  
t h e  c o r r o s i o n  on t h e  p i p e  where t h e  c o a t i n g  i s  damaged, o r  where t h e  
p i p e l i n e  c r o s s e s  s t r a y - c u r r e n t  f i e l d s .  P i p e  s e c t i o n s  a r e  o f t e n  e l e c t r i c a l l y  
i n s u l a t e d  t o  i n t e r r u p t  l o n g - l i n e  c o r r o s i o n  sys tems .  

P i p e l i n e  c o r r o s i o n  e x p e r i e n c e  p r o v i d e s  t h e  f o l l o w i n g  i n f o r m a t i o n  which 
i s  u s e f u l  i n  d e v e l o p i n g  t h e  c o r r o s i o n  p r o t e c t i o n  requ i rement  f o r  t i e b a c k s :  

1 )  Oxygen i s  r e a d i l y  a v a i l a b l e  i n  b a c k f i l l ,  and t i e b a c k s  shou ld  be 
p r o t e c t e d  when t h e y  a r e  i n s t a l l e d  i n  a  b a c k f i l l .  

2 )  B r i t t l e  c o a t i n g s  cou ld  be used t o  p r o t e c t  a  t i e b a c k  i f  t h e  c o a t i n g  
i s  n o t  damaged d u r i n g  i n s t a l l a t i o n .  

3 )  P i t t i n g  c o r r o s i o n  may occur  a t  c o a t i n g  h o l i d a y s .  
4 )  Coal t a r  enamel c o a t i n g s  and h e a t  s h r i n k a b l e  s l e e v e s  have provided 

good p r o t e c t i o n  i n  a  v a r i e t y  of  environments .  These p r o t e c t i o n s  
cou ld  p o s s i b l y  be used t o  p r o t e c t  t h e  t i e b a c k  a l o n g  t h e  unbonded 
l e n g t h .  

5 )  Impressed c a t h o d i c  p r o t e c t i o n  sys tems  r e q u i r e  c o n t i n u i n g  maintenance 
and ad jus tment  t o  remain e f f e c t i v e .  



6) Galvaniz ing does  no t  provide  s u i t a b l e  p r o t e c t i o n  u n l e s s  s p e c i a l  
p r e c a u t i o n s  a r e  t a k e n  t o  i s o l a t e  t h e  p i p e l i n e  from bare  s t e e l  o r  
d i s s i m i l a r  m e t a l s .  

7 )  P o r t l a n d  cement p rov ides  s u i t a b l e  p r o t e c t i o n  o f  bur ied  s t e e l  a s  long 
a s  i t  i s  d e n s e ,  and no t  damaged d u r i n g  hand l ing  and i n s t a l l a t i o n .  
Cement g r o u t  p rov ide  adaqua te  p r o t e c t i o n  f o r  a  t i e b a c k  i n  many s o i l  
environments .  

8 )  E l e c t r i c a l  i s o l a t i o n  can  be used t o  i n t e r r u p t  l o n g - l i n e  c o r r o s i o n  
sys tems.  S t r a y - c u r r e n t  c o r r o s i o n  systems and l o n g - l i n e  c o r r o s i o n  
c e l l s  t h a t  might a f f e c t  a  t i e b a c k  could  be i n t e r r u p t e d  by i s o l a t i n g  
t h e  t i e b a c k  from t h e  s t r u c t u r e  i t  s u p p o r t s .  

C. Reinforced E a r t h  and Metal  C u l v e r t s  

Reinforced E a r t h  sys tems employ t e n s i l e  e l ements  t o  r e i n f o r c e  b a c k f i l l e d  
s o i l  s t r u c t u r e s .  Few Reinforced E a r t h  c o r r o s i o n  problems have been 
r e p o r t e d .  Re in fo rced  E a r t h  e lements  ( s t r i p s )  a r e  f a b r i c a t e d  from mi ld  s t e e l  
and p r o t e c t e d  from c o r r o s i o n  by g a l v a n i z i n g  [ 2 1 ] .  Care i s  a l s o  t a k e n  t o  
avo id  d i s s i m i l a r  me ta l  c e l l s  where t h e  s t r i p s  connect  t o  t h e  w a l l .  I f  
d i s s i m i l a r  m e t a l s  a r e  u s e d ,  t h e  ga lvan ized  s t r i p s  may c o r r o d e .  

King [21]  r e p o r t e d  t h a t  d i f f e r e n t i a l  a e r a t i o n  c e l l s  could  be e s t a b l i s h e d  
a l o n g  t h e  s t r i p s  between w e l l - a e r a t e d  p o r t i o n s  (ca thode)  and poor ly  a e r a t e d  
a r e a s  (anode) .  D i f f e r e n c e s  i n  compaction,  cohes ion ,  and d e p t h  o f  c o v e r  
could  cause  v a r i a t i o n s  i n  oxygen c o n t e n t .  King [21]  a l s o  i n d i c a t e d  t h a t  
d i f f e r e n t i a l  c o n c e n t r a t i o n  c e l l s  might deve lop  when wa te r  s a t u r a t e d  w i t h  
d e i c i n g  s a l t s  i n f i l t r a t e d  t h e  b a c k f i l l  u n d e r l y i n g  a  highway s h o u l d e r .  To 
d a t e ,  t h e s e  c o r r o s i o n  mechanisms have n o t  caused s e r i o u s  problems. 

P i t t i n g  c o r r o s i o n  i s  assumed t o  be l o c a l i z e d  and smal l  f o r  Reinforced 
E a r t h  e lements .  E s t i m a t i o n  o f  m e t a l  l o s s ,  assuming uniform s u r f a c e  
c o r r o s i o n ,  i s  used t o  de te rmine  t h e  t h i c k n e s s  o f  t h e  meta l  s t r i p s  [ 2 1 ] .  
When w a t e r  and oxygen a r e  t h e  c o r r o s i v e  a g e n t s ,  t h e  s t r i p s  a r e  ga lvan ized  
bu t  no i n c r e a s e  i n  c r o s s - s e c t i o n a l  a r e a  i s  recommended i f  t h e  b a c k f i l l  h a s  a  
pH between 6  and 10  and a  r e s i s t i v i t y  g r e a t e r  t h a n  5 ,000  ohm-cm [ 2 2 ] .  For 
mar ine  s t r u c t u r e s ,  Long [22]  r e p o r t s  t h a t  t h e  t h i c k n e s s  o f  t h e  s t r i p s  i s  
i n c r e a s e d  by 0.08 i n c h e s  ( 2  mm), p r i o r  t o  g a l v a n i z i n g .  

C a l i f o r n i a  Department o f  T r a n s p o r t a t i o n  u s e s  a  c h a r t  f o r  e s t i m a t i n g  t h e  
r a t e  o f  m e t a l  l o s s  f o r  Reinforced E a r t h  and uncoated ga lvan ized  c u l v e r t s  
[23] .  The c h a r t  assumes uniform s u r f a c e  c o r r o s i o n ,  and shows t h e  
r e l a t i o n s h i p  between c o r r o s i o n  r a t e ,  minimum s o i l  r e s i s t i v i t y ,  and pH v a l u e s  
f o r  a c i d  and a l k a l i n e  s o i l s .  

However, s i n c e  Re in forced  E a r t h  s t r i p s  do  c o r r o d e ,  a l t e r n a t e  s t r i p  
m a t e r i a l s  a r e  c o n t i n u o u s l y  b e i n g  e v a l u a t e d .  S t a i n l e s s  s t e e l s ,  f i b e r  
r e i n f o r c e d  p l a s t i c s ,  f a b r i c s ,  and epoxy coa ted  s t r i p s  have been 
i n v e s t i g a t e d .  To d a t e ,  ga lvan ized  s t e e l  s t i l l  remains t h e  most economical  
and e f f e c t i v e  s t r i p  m a t e r i a l .  

Corrugated s t e e l  c u l v e r t s  a r e  used f o r  d r a i n a g e  s t r u c t u r e s .  These 
c u l v e r t s  a r e  i n s t a l l e d  under  highways i n  environments  s i m i l a r  t o  Reinforced 
Ear th .  The c u l v e r t s  a r e  f a b r i c a t e d  from bituminous-coated o r  uncoated 
ga lvan ized  s t e e l .  Crum [ 2 4 ]  r e p o r t e d  t h a t  uncoated c u l v e r t s  d i d  n o t  perform 
w e l l  i n  b r a c k i s h  w a t e r s ,  whi le  bituminous-coated meta l  p ipes  performed 



s a t i s f a c t o r i l y .  Acid mine was tes  a l s o  have caused r a p i d  d e t e r i o r a t i o n  o f  
uncoated g a l v a n i z e d  c u l v e r t s  [ 2 5 ] .  Mine d r a i n a g e  i n  West V i r g i n i a  h a s  been 
r e p o r t e d  t o  have pH's r a n g i n g  from 6 t o  a s  low a s  2.7 [ 2 6 ] .  

Havi land,  e t  a 1  [ 2 5 ] ,  i n d i c a t e d  t h a t  uncoated and coa ted  g a l v a n i z e d  
s t e e l  c u l v e r t s  a r e  assumed t o  cor rode  un i fo rmly .  The i r  s e r v i c e  l i f e  i s  
e s t i m a t e d ,  assuming a  r a t e  o f  me ta l  l o s s  due t o  c o r r o s i o n  and e r o s i o n .  The 
r a t e s  o f  m e t a l  l o s s  a r e  determined e m p i r i c a l l y .  

Re in fo rced  E a r t h  and meta l  c u l v e r t s  a r e  i n s t a l l e d  i n  f i l l s .  I t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t  Reinforced E a r t h  s t r u c t u r e s  have not  exper ienced  
t h e  c o r r o s i o n  c u l v e r t s  have. Th i s  i s  probably  due t o  t h e  c a r e  t a k e n  i n  t h e  
s e l e c t i o n  and compaction o f  t h e  f i l l s ,  t h e  v e r y  a g g r e s s i v e  w a t e r s  which flow 
through c u l v e r t s ,  and t h e  u n r e s t r i c t e d  a v a i l a b i l i t y  o f  oxygen i n s i d e  a  
c u l v e r t .  The c o r r o s i o n  performance o f  uncoated ga lvan ized  c u l v e r t s  i s  
s i m i l a r  t o  t h e  c o r r o s i o n  o f  ga lvan ized  samples examined d u r i n g  t h e  NBS 
underground c o r r o s i o n  s t u d i e s .  Romanoff [ 1 7 ]  r e p o r t e d  t h a t  g a l v a n i z i n g  o n l y  
extended t h e  s e r v i c e  l i f e  o f  s t e e l s  and t h a t  once t h e  z i n c  c o a t i n g  was 
removed c o r r o s i o n  proceeded a t  t h e  same r a t e  a s  i t  d i d  on b a r e  s t e e l .  

The c o r r o s i o n  performance o f  c u l v e r t s  and Reinforced E a r t h  cannot  be 
d i r e c t l y  e x t r a p o l a t e d  t o  t i e b a c k s  s i n c e  c u l v e r t s  and Reinforced E a r t h  a r e :  

1 )  I n s t a l l e d  i n  oxygen-rich f i l l s  and a g g r e s s i v e  s u r f a c e  w a t e r s .  
2) F a b r i c a t e d  u s i n g  mild  s t e e l s .  
3)  Not s e r i o u s l y  damaged by p i t t i n g  c o r r o s i o n .  

However, t h e  c o r r o s i o n  performance o f  t h e s e  s t r u c t u r e s  show t h a t :  

1 )  Brack i sh  w a t e r s  and a c i d  mine was tes  c o n s t i t u t e  a g g r e s s i v e  
environments  f o r  t i e b a c k s .  

2) Ga lvan iz ing  would no t  be s u i t a b l e  f o r  t h e  p r o t e c t i o n  o f  t i e b a c k  
tendons .  

3 )  Bituminous c o a t i n g s  p rov ide  adequa te  p r o t e c t i o n  f o r  g a l v a n i z e d  
c u l v e r t s  i n  a g g r e s s i v e  env i ronments .  Coat ings  w i t h  s i m i l a r  
p r o p e r t i e s  should  be e v a l u a t e d  f o r  t h e  p r o t e c t i o n  o f  t h e  unbonded 
l e n g t h  o f  a  t i e b a c k .  

CORROSION PERFORMANCE OF CONCRETE STRUCTURES 

P r e s t r e s s e d ,  p o s t - t e n s i o n e d ,  and r e i n f o r c e d  c o n c r e t e  s t r u c t u r e s  have 
performed w e l l  i n  a g g r e s s i v e  environments  1271, [ 2 8 ] ,  and [ 2 9 ] .  Schupack 
[ 2 9 ]  and P h i l l i p s  [ 2 7 ]  r e p o r t e d  few c o r r o s i o n  f a i l u r e s  o f  s t r u c t u r e s  u s i n g  
p r e s t r e s s i n g  s t e e l s .  Both r e p o r t e d  t h a t  most o f  t h e s e  f a i l u r e s  could  have 
been avoided.  They concluded t h a t  t h e  f a i l u r e s  they  s t u d i e d  r e s u l t e d  from 
t h e  s e l e c t i o n  o f  c o r r o s i o n  s u s c e p t i b l e  quenched and tempered p r e s t r e s s i n g  
s t e e l s ,  poor d e s i g n  d e t a i l s ,  poor c o n s t r u c t i o n  p r a c t i c e s ,  o r  i n a d e q u a t e  
p r o t e c t i o n  i n  a g g r e s s i v e  env i ronments ,  p a r t i c u l a r l y  c h l o r i d e s .  P h i l l i p s  
[ 2 7 ]  a l s o  i n d i c a t e d  t h a t  many f a i l u r e s  i n  Europe r e s u l t e d  from h u r r i e d  
r e p a i r s  a f t e r  World War 11. A t  t h a t  t i m e ,  knowledge concern ing  p r e s t r e s s i n g  
m a t e r i a l s  and d e s i g n  was ve ry  l i m i t e d .  



S t e e l  encased i n  c o n c r e t e  i s  p r o t e c t e d  by a  pass ive  f i l m .  The 
p r o t e c t i v e  f i l m  i s  formed o f  hydrous f e r r o u s  ox ide  which i s  h i g h l y  i n s o l u b l e  
i n  s o l u t i o n s  w i t h  a  pH above 4.5. Hydrated cement has  a  pH above 12.4 and 
i t  p rov ides  a n  i d e a l  environment f o r  m a i n t a i n i n g  t h i s  f i l m .  Th i s  hydrous 
f e r r o u s  ox ide  f i l m  i s  r e s p o n s i b l e  f o r  t h e  e x c e l l e n t  performance o f  
r e i n f o r c e d  c o n c r e t e  s t r u c t u r e s  i n  a g g r e s s i v e  environments .  

The mechanism r e s p o n s i b l e  f o r  t h e  c o r r o s i o n  o f  s t e e l  i n  c o n c r e t e  i s  w e l l  
unders tood .  A d e p a s s i v a t o r ,  a n  e l e c t r o l y t e ,  and oxygen must s imul taneous ly  
be p r e s e n t  i n  o r d e r  f o r  r e i n f o r c i n g  s t e e l s  t o  co r rode .  Oxygen i s  r e q u i r e d  
a t  t h e  c a t h o d i c  a r e a s  where t h e  r e d u c t i o n  r e a c t i o n  H 2  + O 2  + 2e-+20H- 
o c c u r s .  The d e p a s s i v a t o r  a t t a c k s  t h e  p a s s i v e  f i l m ,  and t h e  o x i d a t i o n  
r e a c t i o n  ( c o r r o s i o n )  Fe - ~ e + +  + 2e- occurs  a t  t h e s e  anod ic  a r e a s .  An 
e l e c t r o l y t e  i s  n e c e s s a r y  t o  complete t h e  c o r r o s i o n  c e l l .  

S t e e l  i s  d e p a s s i v a t e d  when t h e  pH d i r e c t l y  on t h e  meta l  s u r f a c e  i s  
reduced below 9.5. The a l k a l i n i t y  o f  cement i s  lowered when a tmospher ic  
carbon d i o x i d e  r e a c t s  w i t h  ca lc ium hydroxide  i n  t h e  cement p a s t e  t o  form 
ca lc ium ca rbona te .  Th i s  p rocess  i s  c a l l e d  c a r b o n a t i o n .  When t h e  d e p t h  o f  
c a r b o n a t i o n  r e a c h e s  t h e  s t e e l ,  t h e  pass ive  f i l m  i s  d e s t r o y e d  and c o r r o s i o n  
beg ins  i f  oxygen and m o i s t u r e  a r e  p r e s e n t .  A l l  c o n c r e t e  s t r u c t u r e s  exposed 
t o  t h e  atmosphere e x p e r i e n c e  some l o s s  o f  a l k a l i n i t y  w i t h  t ime.  The d e p t h  
o f  c a r b o n a t i o n  i s  dependent on t h e  p e r m e a b i l i t y  and p o r o s i t y  o f  t h e  c o n c r e t e  
and t h e  amount o f  ca rbon  d i o x i d e  p r e s e n t  i n  t h e  environment.  Carbonat ion 
u s u a l l y  e x t e n d s  o n l y  a  few m i l l i m e t e r s  and normal embeddment d e p t h s  provide  
s u f f i c i e n t  c o v e r  f o r  t h e  s t e e l .  Wiebenga [ 3 0 ]  r e p o r t e d  t h a t  c a r b o n a t i o n  
extended l e s s  t h a n  5 m i l l i m e t e r s  on 48 o f  51 c o n c r e t e  s t r u c t u r e s  i n s p e c t e d  
i n  t h e  Ne ther lands .  These s t r u c t u r e s  ranged i n  age from 3  t o  62 y e a r s  o l d .  
He a l s o  r e p o r t e d  t h a t  c a r b o n a t i o n  had occur red  t o  a  d e p t h  o f  6 m i l l i m e t e r s ,  
7 m i l l i m e t e r s ,  and 10  m i l l i m e t e r s  r e s p e c t i v e l y  on t h e  o t h e r  t h r e e  s t r u c t u r e s  
i n s p e c t e d .  

Ch lor ide  i o n s  a r e  t h e  primary d e p a s s i v a t o r  o f  s t e e l  embedding i n  
c o n c r e t e .  These a g g r e s s i v e  a n i o n s  l o c a l l y  d e s t r o y  t h e  p a s s i v e  f i l m  when 
they  reach  t h e  s t e e l .  Ch lo r ides  a r e  p r e s e n t  i n  f r e s h  c o n c r e t e  when ca lc ium 
c h l o r i d e  i s  used a s  a n  a c c e l e r a t o r  o r  when c h l o r i d e s  a r e  p r e s e n t  i n  t h e  
mixing w a t e r  o r  a g g r e g a t e s .  When c o n c r e t e  s t r u c t u r e s  a r e  exposed t o  mar ine  
environments  o r  t o  d e i c i n g  s a l t s ,  c h l o r i d e  i o n s  g r a d u a l l y  p e n e t r a t e  t h e  
c o n c r e t e .  The r a t e  o f  p e n e t r a t i o n  and d e p t h  t o  which t h e  c h l o r i d e  i o n s  
p e n e t r a t e  a r e  f u n c t i o n s  o f  t h e  c o n c r e t e  p e r m e a b i l i t y  and p o r o s i t y .  When 
c h l o r i d e  i o n s  d e p a s s i v a t e  t h e  s t e e l ,  on ly  oxygen and m o i s t u r e  a r e  r e q u i r e d  
f o r  c o r r o s i o n  t o  occur .  

Most r e i n f o r c e d  c o n c r e t e  s t r u c t u r e s  deve lop  f i n e  c r a c k s .  Cracks r e s u l t  
from s h r i n k a g e ,  changes i n  humidi ty  and t empera tu re ,  c o r r o s i o n ,  and l o a d i n g  
c o n d i t i o n s .  Cracks ,  i f  wide enough, w i l l  e n a b l e  c h l o r i d e  i o n s  and /o r  ca rbon  
d i o x i d e  t o  r each  embedded s t e e l  more r a p i d l y  than  through uncracked 
c o n c r e t e .  Cons ide rab le  r e s e a r c h  h a s  been performed t o  de te rmine  t h e  
r e l a t i o n s h i p  between c r a c k  s i z e ,  and re in fo rcement  c o r r o s i o n .  Houston, e t  
a 1  [ 3 1 ] ,  and R y e l l ,  e t  a 1  [ 3 2 ] ,  showed t h a t  c r a c k s  l e s s  t h a n  0.01 i n c h e s  
(0 .3  mm) wide had l i t t l e  i n f l u e n c e  on t h e  c o r r o s i o n  o f  r e i n f o r c i n g  s t e e l s .  
G r i e s s  and Naus [ 3 3 ]  r e p o r t e d  t h a t  f o r  c r a c k  wid ths  up t o  0 .03 i n c h e s  
(0.76 mm) p o r t l a n d  cement provided p r o t e c t i o n  f o r  p r e s t r e s s i n g  s t e e l  s t r a n d s  
i n  a g g r e s s i v e  environments .  Naus [ 3 4 ]  r e p o r t e d  t h a t  cement g r o u t  could  

c o n t a i n  c r a c k s  up t o  0.004 i n c h e s  (0 .1  mm) wide and s t i l l  p r o t e c t  



p r e s t r e s s i n g  s t e e l s  i n  a g g r e s s i v e  environments .  O 'Nei l  [ 3 5 ]  r e p o r t e d  t h a t  
f l e x u r a l  c r a c k s  g r e a t e r  t h a n  0.016 i n c h e s  (0.4 mm) wide were n e c e s s a r y  f o r  
r e i n f o r c i n g  s t e e l  t o  c o r r o d e .  S c h i e l l e l  [ 3 6 ]  r e p o r t e d  t h a t  c r a c k i n g  
e f f e c t e d  t h e  i n i t i a t i o n  o f  c o r r o s i o n ,  b u t  o t h e r  f a c t o r s  determined t h e  r a t e .  

The i n v e s t i g a t o r s  do n o t  a g r e e  on t h e  c r a c k  width  which c a n  be t o l e r a t e d  
i n  a  r e i n f o r c e d  c o n c r e t e  s t r u c t u r e .  T h e i r  work does  i n d i c a t e  t h a t  c r a c k s  
l e s s  t h a n  0.004 i n c h e s  (0.1 mm) wide,  w i l l  n o t  impa i r  t h e  p a s s i v i t y  o f  
s t e e l s  embedded i n  good q u a l i t y  c o n c r e t e .  T h e i r  works a l s o  show t h a t  when 
t h e  c r a c k  wid ths  i n c r e a s e  above a  g iven  s i z e ,  t h e  s t e e l  i s  e a s i l y  
d e p a s s i v a t e d  i f  ca rbon  d i o x i d e  o r  c h l o r i d e s  a r e  p r e s e n t .  T h e i r  r e s e a r c h  
conf i rmed t h a t  s t e e l  can  be d e p a s s i v a t e d ,  bu t  oxygen must be a v a i l a b l e  a t  
c a t h o d i c  a r e a s  f o r  c o r r o s i o n  t o  o c c u r  [ 3 7 ] .  

P r e s t r e s s i n g  s t e e l s  a r e  r e p o r t e d  t o  be s u s c e p t i b l e  t o  s t r e s s - c o r r o s i o n  
c r a c k i n g  and hydrogen e m b r i t t l e m e n t  [ 3 8 ] ,  [ 3 9 ] ,  [ 4 0 ] ,  [ 2 9 ] ,  [ 4 1 ] ,  and [ 4 2 ] .  
A review o f  pub l i shed  c a s e  h i s t o r i e s  and s e v e r a l  r e s e a r c h  s t u d i e s  concern ing  
p r e s t r e s s i n g  s t e e l  c o r r o s i o n  i n d i c a t e s  t h e  f o l l o w i n g :  

1 )  I n  t h e  p a s t ,  f o r e i g n  b u i l d i n g  codes  a l lowed quenched and tempered 
p r e s t r e s s i n g  s t e e l s  t o  be used.  These s t e e l s  a r e  s u s c e p t i b l e  t o  
s t r e s s - c o r r o s i o n  c r a c k i n g  and hydrogen e m b r i t t l e m e n t  [ 2 9 ] ,  [ 2 7 ] ,  and 
[43] .  Many r e p o r t e d  c o r r o s i o n  i n c i d e n t s  occur red  i n  s t r u c t u r e s  
where t h e s e  s t e e l s  were used.  These s t e e l s  should  n o t  be used f o r  
t i e b a c k  tendons .  

2)  The F e d e r a t i o n  I n t e r n a t i o n a l e  de  l a  P r e c o n t r a i n t e  ( F I P )  and t h e  
American Concrete  I n s t i t u t e  (AcI) have recognized t h a t  h e a t  t r e a t e d  
p r e s t r e s s i n g  s t e e l s  a r e  g e n e r a l l y  more s u s c e p t i b l e  t o  b r i t t l e  
c o r r o s i o n  f a i l u r e s  t h a n  o t h e r  t y p e s  o f  p r e s t r e s s i n g  s t e e l s .  They do 
n o t  recommend t h e i r  u s e  [ 4 4 ] .  

3)  S t r e s s - r e l i e v e d  p r e s t r e s s i n g  s t e e l  w i r e s ,  b a r s ,  and s t r a n d s  (ASTM 
A-421, ASTM A-722, ASTM A-799, and ASTM A-416 s p e c i f i c a t i o n s )  a r e  
l e s s  s u s c e p t i b l e  t o  b r i t t l e  c o r r o s i o n  f a i l u r e s  than  h e a t  t r e a t e d  
s t e e l s .  There a r e  v e r y  few r e p o r t e d  c o r r o s i o n  f a i l u r e s  o f  unbonded 
tendons  made u s i n g  s t r e s s - r e l i e v e d  w i r e s  and s t r a n d s ,  o r  h i g h  
s t r e n g t h  b a r s  [ 2 7 ] ,  [ 2 9 ] ,  [ 4 1 ] ,  and [ 4 5 ] .  Tieback tendons  should  be 
f a b r i c a t e d  from s t e e l s  mee t ing  t h e s e  s p e c i f i c a t i o n s .  The A C I  [ 4 6 ]  
h a s  made p r o v i s i o n s  f o r  o t h e r  s t e e l s  t o  be used i f  t h e y  conform t o  
t h e  minimum requ i rements  o f  t h e  a p p r o p i a t e  ASTM s p e c i f i c a t i o n .  

4 )  C o r r o s i o n  f a i l u r e s  o f  p r e s t r e s s i n g  s t e e l s  have r e s u l t e d  when t h e  
s t e e l s  have n o t  been encased i n  c o n c r e t e ,  g r o u t ,  o r  a n  impermeable 
g r e a s e  f i l l e d  d u c t .  As a  minimum, t i e b a c k  tendons  shou ld  be 
comple te ly  encased i n  g r o u t  a l o n g  t h e  anchor  l e n g t h ,  and t h e  
unbonded l e n g t h  should  be covered w i t h  a n  impermeable g r e a s e  f i l l e d  
s h e a t h .  

5 )  Labora to ry  s t u d i e s  r e p o r t e d  by Caton,  e t  a 1  [ 4 7 ] ,  Klodt [ 4 3 ] ,  and 
G r i e s s  and Naus [ 3 3 ]  i n d i c a t e  t h a t  p r e s t r e s s i n g  s t e e l s  f a b r i c a t e d  
from c o l d  drawn h i g h  s t r e n g t h  s t e e l  (ASTM A-416, Grade 270) a r e  no t  
s u s c e p t i b l e  t o  s t r e s s - c o r r o s i o n  c r a c k i n g  i n  c h l o r i d e  environments .  
Caton,  e t  a l ,  and G r i e s s  and Naus d i d  r e p o r t  t h a t  ASTM A-416 s t e e l  
was s u s c e p t i b l e  t o  s t r e s s - c o r r o s i o n  c r a c k i n g  i n  t h e  p resence  o f  
n i t r a t e s .  G r i e s s  and Naus r e p o r t e d  t h a t  t h e  t empera tu re  had t o  be 
i n  e x c e s s  o f  100°F ( 3 8 O ~ ) .  Caton,  e t  a l ,  r e p o r t e d  t h a t  f a i l u r e s  



o c c u r r e d  a t  a  t empera tu re  of  70°F (21°C). G r i e s s  and Naus [ 3 3 ]  r e p o r t e d  
t h a t  ASTN A-416, Grade 270 s t e e l  was n o t  s u s c e p t i b l e  t o  s t r e s s - c o r r o s i o n  
c r a c k i n g  i n  t h e  p r e s e n c e  of  s u l f a t e s ,  n i t r a t e s ,  and c h l o r i d e s  a t  room 
tempera tu re .  Tieback tendons  may n o t  be a t t a c k e d  by s t r e s s - c o r r o s i o n  
c r a c k i n g  s i n c e  t h e  t empera tu re  underground i s  l e s s  than  55OF (130C). 

6 )  P r e s t r e s s i n g  s t e e l s  a r e  s u s c e p t i b l e  t o  hydrogen e m b r i t t l e m e n t  [ 3 3 ] ,  
[ 4 2 ] ,  and [ 4 3 ] .  

I n  t h e  Uni ted  S t a t e s ,  c o n c r e t e  s t r u c t u r e s  f a b r i c a t e d  u s i n g  p r e s t r e s s i n g  
s t e e l s  have n o t  exper ienced  s i g n i f i c a n t  c o r r o s i o n  problems. Schupack 
[ 2 9 ] r e p o r t e d  c o r r o s i o n  damage t o  twenty-e ight  p r e s t r e s s e d ,  o r  pos t - t ens ioned  
s t r u c t u r e s .  He found t h a t  t h e s e  c o r r o s i o n  i n c i d e n t s  i n v o l v e d :  

"...some 200 tendons  of a n  e s t i m a t e d  30 m i l l i o n  
t endons  i n  completed s t r u c t u r e s  u s i n g  s t r e s s - r e l i e v e d  
s t e e l .  T h i s  r e p r e s e n t s  a  c o r r o s i o n  i n c i d e n c e  of  0.007% 
which i s  n e g l i g i b l e  even i f  i t  was s e v e r a l  t i m e s  
g r e a t e r .  Th i s  r e p r e s e n t s  such a  s m a l l  p e r c e n t a g e  of  
o c c u r r e n c e  a s  t o  be of no p r a c t i c a l  concern .  Th i s  i s  
p a r t i c u l a r l y  s o  s i n c e  t h e  c o r r o s i o n  i n c i d e n t s  a r e  
unders tood  and cou ld  have been avo ided . "4 /  - 

The c o r r o s i o n  performance of  r e i n f o r c e d ,  p r e s t r e s s e d ,  and pos t - t ens ioned  
c o n c r e t e  s t r u c t u r e s  p r o v i d e s  a n  e x c e l l e n t  background f o r  d e v e l o p i n g  
recommendations f o r  t h e  c o r r o s i o n  p r o t e c t i o n  of  t i e b a c k  t endons .  The i r  
performance i n d i c a t e s  t h a t :  

1 )  A d e p a s s i v a t o r ,  oxygen,  and m o i s t u r e ,  a r e  r e q u i r e d  f o r  c o r r o s i o n  of  
a  t i e b a c k  tendon.  The e l i m i n a t i o n  of one of  t h e s e  e l e m e n t s  would 
p r e v e n t  c o r r o s i o n  from o c c u r r i n g .  

2 )  Good q u a l i t y ,  c r a c k - f r e e ,  low p e r m e a b i l i t y  g r o u t  p r o v i d e s  e x c e l l e n t  
p r o t e c t i o n  f o r  p r e s t r e s s i n g  s t e e l s .  The anchor  l e n g t h  o f  a  t i e b a c k  
may be p r o t e c t e d  by g r o u t .  

3 )  The ungrou ted  p o r t i o n  of  a  t i e b a c k  tendon w i l l  be s u s c e p t i b l e  t o  
c o r r o s i o n  i f  i t  i s  n o t  encased i n  a n  impermeable s h e a t h  o r  t u b e .  

4 )  Quenched and tempered p r e s t r e s s i n g  s t e e l s ,  which a r e  s u s c e p t i b l e  t o  
b r i t t l e  c o r r o s i o n  f a i l u r e s ,  shou ld  n o t  be p e r m i t t e d .  

5 )  Calcium c h l o r i d e  a d m i x t u r e s ,  o r  c h l o r i d e  contaminated w a t e r ,  o r  
a g g r e g a t e s ,  shou ld  n o t  be used .  

6 )  Inadequa te  c o n c r e t e  c o v e r ,  o r  poor q u a l i t y  c o n c r e t e ,  e n a b l e  t h e  
s t e e l  t o  be d e p a s s i v a t e d .  A g r o u t  p r o t e c t e d  t i e b a c k  tendon shou ld  
be c o n s t r u c t e d  s o  t h e  s t e e l  i s  encased i n  dense  g r o u t .  

7 )  Carbon d i o x i d e  and c h l o r i d e s  a r e  t h e  primary d e p a s s i v a t o r s  of  s t e e l s  
embedded i n  c o n c r e t e .  

8 )  Ungrouted tendons  must be comple te ly  p r o t e c t e d  s i n c e  t h e  environment 
s u r r o u n d i n g  them may n o t  have a  h i g h  pH. 

9 )  C o r r o s i o n  c a n  occur  a t  open j o i n t s  o r  c r a c k s .  The t r a n s i t i o n  
between a  t i e b a c k ' s  unbonded l e n g t h  c o r r o s i o n  p r o t e c t i o n ,  and t h e  
anchor  head p r o t e c t i o n ,  must be w a t e r  t i g h t .  

4/ - Repr in ted  from " A  Survey of t h e  D u r a b i l i t y  Performance o f  
Post -Tensioning Tendons" by Morr i s  Schupack [29]  by pe rmiss ion  of 
Post -Tensioning I n s t i t u t e .  Year o f  f i r s t  p u b l i c a t i o n  1978.  



1 0 )  Tendons shou ld  n o t  come i n  c o n t a c t  w i t h  more nob le  m e t a l s .  They 
would c a u s e  t h e  tendon t o  become t h e  anode i n  a  d i s s i m i l a r  m e t a l  
c e l l .  

1 1 )  S t r a y  e l e c t r i c a l  c u r r e n t s  c a n  c a u s e  tendon c o r r o s i o n  f a i l u r e s .  
1 2 )  R e s t r i c t i n g  oxygen from r e a c h i n g  a  t i e b a c k  tendon would p r e v e n t  i t  

from c o r r o d i n g .  
1 3 )  S t r e s s - r e l i e v e d  w i r e s  and s t a n d s ,  and h i g h  s t r e n g t h  b a r s  (ASTM 

A-421, ASTN A-416 ASTM A-779, and ASTM A-722 s p e c i f i c a t i o n s )  i n  
p r o p e r l y  g r o u t e d  d u c t s  have no t  been s u s c e p t i b l e  t o  p i t t i n g  
c o r r o s i o n ,  s t r e s s - c o r r o s i o n  c r a c k i n g ,  o r  hydrogen e m b r i t t l e m e n t .  

CORROSION PERFORMANCE OF TIEBACKS 

Permanent t i e b a c k s  have been i n s t a l l e d  r o u t i n e l y  s i n c e  t h e  mid-1960's. 
They have performed w e l l  i n  a  v a r i e t y  of environments .  The m a j o r i t y  of 
t h e s e  t i e b a c k s  used cement g r o u t  f o r  p r o t e c t i o n  o v e r  t h e i r  anchor  l e n g t h .  
P o r t i e r  [ 4 8 ] ,  and Herbs t  [ 4 9 ]  r e p o r t e d  t h a t  t h e r e  i s  no evidence of a  t i eback  
f a i l u r e  i n  t h e  anchor  zone where t h e  t endon  i s  encased i n  cement g r o u t .  The 
w r i t e r  h a s  d i s c u s s e d  t i e b a c k  c o r r o s i o n  p r o t e c t i o n  w i t h  o v e r  f i f t y  t i e b a c k  
c o n t r a c t o r s ,  c o n s u l t a n t s ,  and s t e e l  s u p p l i e r s ,  and no c o r r o s i o n  f a i l u r e s  
were r e p o r t e d  where t h e  tendon was surrounded by g r o u t .  The r e p o r t e d  tendon 
f a i l u r e s  have been a l o n g  t h e  unbonded l e n g t h ,  w i t h  most of  them o c c u r r i n g  
w i t h i n  6.56 f e e t  (2 m) of  t h e  anchor  head.  Quenched and tempered 
p r e s t r e s s i n g  s t e e l s  were invo lved  w i t h  a  s i g n i f i c a n t  number o f  t h e s e  
f a i l u r e s .  These s t e e l s  have proven t o  be s u s c e p t i b l e  t o  b r i t t l e  f a i l u r e s .  

S e v e r a l  t i e b a c k  c o r r o s i o n  f a i l u r e s  have been documented. Nurnberger 
[40]  pub l i shed  a  r e p o r t  i n c l u d i n g  a  d e s c r i p t i o n  of  n i n e  f a i l u r e s .  

Case 1 d e a l t  w i t h  fo r ty - two  permanent t i e b a c k s  i n s t a l l e d  i n  1959 i n  West 
Germany. They were i n s t a l l e d  i n  a n  underground power s t a t i o n  l o c a t e d  197 t o  
262 f e e t  (60  t o  8 0  m )  below t h e  ground s u r f a c e .  The permanent rock  t i e b a c k s  
were 26 t o  49 f e e t  ( 8  t o  1 5  m) long  and anchored i n  p regrou ted  rock  
s o c k e t s .  Each tendon c o n s i s t e d  of  a  bundle  of  f i f t e e n  o v a l  b a r s  w i t h  a n  
u l t i m a t e  s t r e n g t h  of  228 k s i  (1 ,570 MPa) and a n  e l a s t i c  l i m i t  o f  210 k s i  
(1 ,450  MPa). 

Cor ros ion  p r o t e c t i o n  f o r  t h e  t endon  i n  t h e  unbonded l e n g t h  c o n s i s t e d  o f  
a  c o l d  a p p l i e d  c o a t i n g  and a  wrapping of  gauze- l ike  m a t e r i a l  impregnated 
w i t h  h o t  bi tumen. The tendon was n o t  p r o t e c t e d  a t  t h e  anchor  head .  The 
anchorage used w i t h  t h i s  p r e s t r e s s i n g  sys tem caused t h e  b a r s  t o  be b e n t .  
The s t e e l  was s t r e s s e d  t o  155 k s i  (1 ,068  N/mm2) a t  l o c k - o f f .  It was 
p o s t u l a t e d  t h a t  bend ing ,  and t e n s i o n  caused t h e  tendon t o  be s t r e s s e d  above 
i t s  u l t i m a t e  s t r e n g t h  i n  t h e  r e g i o n  n e a r  t h e  anchor  head.  

The t i e b a c k s  were checked t e n  months a f t e r  l o c k - o f f .  It  was d i s c o v e r e d  
t h a t  s e v e n t e e n  t endons  were broken,  t e n  were probably  broken,  e i g h t  were 
damaged, and seven  were s t i l l  f u n c t i o n i n g .  Al l  t h e  t endons  broke w i t h i n  t h e  
unbonded l e n g t h  w i t h  30% break ing  a t  t h e  anchor  h e a d ,  and 43% break ing  
w i t h i n  19.7 i n c h e s  (50 cm) of  t h e  anchor  head.  



The t i e b a c k s  were unear thed  t o  r e v e a l  t h a t  t h e  tendons  were d e e p l y  
cor roded  where t h e  bitumen was m i s s i n g .  The wa te r  coming o u t  of  t h e  d r i l l  
h o l e s  c o n t a i n e d  v e r y  l i t t l e  c h l o r i d e s .  The r e p o r t  concluded t h a t  t h e  
f a i l u r e  was due t o  l o c a l i z e d  c o r r o s i o n  which l e d  t o  t h e  f o r m a t i o n  of s t r e s s  
c r a c k s .  It was p o s t u l a t e d  t h a t  t h e  c o r r o s i o n  p r o t e c t i o n  sys tem may have 
c o n t r i b u t e d  t o  t h e  f a i l u r e  s i n c e  t h e  damaged gauze wrapping cou ld  c a u s e  
d i f f e r e n t i a l  a e r a t i o n  c e l l s  t o  deye lop  a l o n g  t h e  tendon.  The c o a t i n g  sys tem 
cou ld  n o t  w i t h s t a n d  damage d u r i n g  i n s t a l l a t i o n .  

Case 2  d e a l t  w i t h  t i e b a c k s  i n s t a l l e d  a l o n g  t h e  Rhine River i n  Germany. 
These t i e b a c k s  were i n s t a l l e d  u s i n g  22-0.315 i n c h  (8  mm) w i r e s  hav ing  a n  
u l t i m a t e  s t r e n g t h  of 213 k s i  (1 ,470 MPa), and a  y i e l d  s t r e n g t h  of  196 k s i  
(1 ,350 MPa), German d e s i g n a t i o n  ST 135/150.  The tendons  were encased w i t h  
g r o u t .  A f t e r  a  few y e a r s ,  t h r e e  t i e b a c k s  f a i l e d .  E igh ty - f ive  p e r c e n t  of  
t h e  r u p t u r e d  w i r e s  f a i l e d  i n  t h e  v i c i n i t y  of  t h e  anchor  head.  I n  t h i s  a r e a ,  
o n l y  a  t h i n  c o a t i n g  of g r o u t  covered t h e  t endons .  

The t i e b a c k s  were i n s t a l l e d  i n  s o i l  below t h e  groundwater t a b l e .  The 
groundwater c o n t a i n e d  t h e  i n d u s t r i a l  p o l l u t a n t s  found i n  t h e  Rhine River .  
It was assumed t h a t  f a i l u r e  was caused by s t r e s s - c o r r o s i o n  c r a c k i n g .  Both 
s u r f a c e  c o r r o s i o n  and p i t t i n g  were observed on t h e  t endons .  I n s u f f i c i e n t  
g r o u t  cover  n e a r  t h e  anchor  head was g i v e n  a s  t h e  pr imary r e a s o n  f o r  t h e  
i n i t i a t i o n  of c o r r o s i o n .  It was a l s o  observed t h a t  t h e  t endons  were ben t  a s  
a  r e s u l t  of  t h e  s e t t l i n g  of  t h e  s o i l  behind t h e  w a l l .  The Rhine River  had a  
h i g h  c h l o r i d e  i o n  c o n t e n t  i n  t h e  v i c i n i t y .  

Case 3  a l s o  o c c u r r e d  i n  West Germany. During t h e  c o n s t r u c t i o n  of  a n  
underpass  a  t i e d b a c k  s h e e t  p i l e  w a l l  was b u i l t  t o  s u p p o r t  a  r a i l w a y  l i n e .  
The tendons  were f a b r i c a t e d  from 6-0.48 i n c h  (12.2 mm) b a r s  having a n  
u l t i m a t e  s t r e n g t h  of 199 k s i  (1 ,373  MPa). The f i r s t  tendon f a i l e d  days  
a f t e r  l o c k - o f f .  Other  tendons  f a i l e d  between 99 and 100  days .  The tendons  
were n o t  h e a v i l y  c o r r o d e d ,  but  n e a r  t h e  f a i l u r e  a  group of  s h o r t  t r a n s v e r s e  
c r a c k s  were found.  

The f a i l u r e  mechanism was p o s t u l a t e d  t o  be a  f a t i g u e  f a i l u r e  r e s u l t i n g  
from bending.  The t i e b a c k s  were bent  when t h e  r a i l r o a d  l o a d  was t r a n s m i t t e d  
d i r e c t l y  t o  t h e  tendons  through h a r d ,  f r o z e n  ground. F i l l  s o i l  a l s o  
surrounded t h e  t i e b a c k s .  

Case 4  o c c u r r e d  i n  t h e  United S t a t e s  i n  1971.  Here ,  f o u r  t i e b a c k s  
s u p p o r t i n g  a s h e e t  p i l e  w a l l  f a i l e d  s i x  weeks a f t e r  l o c k - o f f .  The t endons  
were f a b r i c a t e d  from one 1 114 i n c h  (32 mm), h o t - r o l l e d ,  drawn, and 
s t r e s s - r e l i e v e d  b a r s .  The u l t i m a t e  s t r e n g t h  of  t h e  s t e e l  was 160 k s i  (1 ,100 
MPa) and t h e  y i e l d  s t r e n g t h  was 139 k s i  (960 MPa). No c o r r o s i o n  p r o t e c t i o n  
was provided o v e r  t h e  unbonded l e n g t h  o f  t h e  tendon,  which was l o c a t e d  i n  a  
r a i l w a y  embankment. The embankment c o n s i s t e d  p r i m a r i l y  of  b l a s t  f u r n a c e  
s l a g .  The s o i l  was a c i d i c ,  and m o i s t  i n  t h e  v i c i n i t y  of  t h e  t endon .  
F a i l u r e  of  t h e  tendon was p o s t u l a t e d  t o  be a  r e s u l t  of  s t r e s s - c o r r o s i o n  
c r a c k i n g .  

Case 5 i n v o l v e d  1 3 / 8  i n c h  (36 mm) b a r s  s i m i l a r  t o  t h e  b a r  i n  Case 4 .  
I n  t h i s  a p p l i c a t i o n ,  temporary t i e b a c k s  f a i l e d  f o u r  weeks a f t e r  l o c k - o f f .  
The t endons  had no c o r r o s i o n  p r o t e c t i o n  i n  t h e  unbonded zone and t h e y  were 
i n s t a l l e d  i n  a  mois t  s o i l  w i t h  a  low pH. Again, s t r e s s  c o r r o s i o n  was 

s u s p e c t e d  a s  t h e  c a u s e  o f  t h e  f a i l u r e .  



Case 6  took  p l a c e  a t  a n  a i r p o r t .  Cor ros ion  f a i l u r e  of s e v e r a l  t i e b a c k s  
occured e i g h t  y e a r s  a f t e r  i n s t a l l a t i o n .  The tendons  were f a b r i c a t e d  from 
0.205 i n c h  (5.2 mm) w i r e s .  A f t e r  removing c o r r o s i o n  p r o d u c t s  from t h e  
w i r e s ,  heavy p i t t i n g  was obse rved .  Some of  t h e  p i t s  a l s o  c o n t a i n e d  s m a l l  
f i s s u r e s .  A l a y e r  of bitumen had been a p p l i e d  f o r  c o r r o s i o n  p r o t e c t i o n .  
With t ime ,  t h i s  l a y e r  had broken down. It was p o s t u l a t e d  t h a t  s t r e s s  
c o r r o s i o n  had caused t h e  f a i l u r e .  Upon examina t ion ,  no c o r r o s i o n  producing 
e lements  were found . 

Case 7  i n v o l v e d  t i e b a c k s  f a b r i c a t e d  u s i n g  0.205 i n c h  (5.2 mm) w i r e s .  
These were temporary  s o i l  t i e b a c k s ,  bu t  t h e y  were r e q u i r e d  t o  f u n c t i o n  f o r  
a n  extended p e r i o d  of  t ime .  Two 15-wire t endons  f a i l e d .  The w i r e s  were 
h e a v i l y  p i t t e d  and some of t h e  p i t s  had c r a c k s  emanating from t h e i r  r o o t s .  
Chemical a n a l y s i s  o f  t h e  c o r r o s i o n  p r o d u c t s  r e v e a l e d  a  s u l f u r  c o n t e n t  of  
O.25%, bu t  no c h l o r i d e s .  

Case 8 i n v o l v e d  f i v e  t i e b a c k s .  The tendons  were f a b r i c a t e d  from 0.205 
i n c h  (5.2 mm) w i r e ,  and t h e y  were used t o  s u p p o r t  a  r e t a i n i n g  w a l l .  The 
tendons  f a i l e d  w i t h i n  a  y e a r  of  l o c k - o f f .  I n  some a r e a s ,  deep p i t s  were 
v i s i b l e .  Some of  t h e  f a i l e d  w i r e s  s t i l l  had g r o u t  c o v e r i n g  a  p o r t i o n  of  t h e  
tendon.  I n  t h e s e  a r e a s ,  t h e  s t e e l  was more o r  l e s s  f r e e  of  c o r r o s i o n .  On 
t h e  s i d e s  where t h e  g r o u t  was a b s e n t ,  heavy c o r r o s i o n  o c c u r r e d .  Uniform 
s u r f a c e  c o r r o s i o n  was observed on t h e  l e n g t h s  of  t h e  w i r e s  which were 
comple te ly  g r o u t  f r e e .  

No c r a c k s  were observed i n  t h e  s t e e l .  A n a l y s i s  of t h e  c o r r o s i o n  
p roduc t s  showed a  0.63% s u l f a t e  c o n t e n t ,  b u t  no c h l o r i d e s  o r  s u l f i d e s  were 
found. The f r a c t u r e s  emanated from p i t s ,  and t h e  b reaks  were p u r e l y  
b r i t t l e .  The c a u s e  of  t h e s e  b r i t t l e  b r e a k s  i s  surmised t o  have been a  
r e s u l t  of  combined s t r e s s e s  due t o  bending and t e n s i o n .  The tendons  were 
ben t  a s  a  r e s u l t  of  b a c k f i l l  s e t t l e m e n t  behind t h e  r e t a i n i n g  w a l l .  

Case 9 o c c u r r e d  i n  West Germany i n  1977.  Temporary t i e b a c k s  f a b r i c a t e d  
from 1 1 / 4  i n c h  (32 mm) h o t - r o l l e d ,  and th readed  b a r s  were used t o  s u p p o r t  a  
s h e e t  p i l e  w a l l .  These b a r s  had a n  u l t i m a t e  s t r e n g t h  of  181  k s i  
(1 ,250 MPa), and a  y i e l d  s t r e n g t h  o f  160 k s  (1 ,100 MPa). The unbonded 
l e n g t h  was covered  by a  p i p e ,  no c o r r o s i o n  p r o t e c t i o n  was p rov ided  a t  t h e  
anchor  head.  Two of  t h e  t i e b a c k s  f a i l e d  between 1 6  and 17 weeks a f t e r  
l o c k - o f f .  The f i r s t  t i e b a c k  f a i l e d  2  i n c h e s  ( 5  cm) behind t h e  anchor  head.  
The second f a i l e d  i n  t h e  midd le  of  t h e  unbonded l e n g t h ,  and a  s l i g h t  bend 
was observed a t  t h e  f a i l u r e .  

The t i e b a c k s  were i n s t a l l e d  i n  a  f i l l  which c o n s i s t e d  of  s l a g  and l i g h t  
a s h .  I n v e s t i g a t i o n  o f  t h e  groundwater r e v e a l e d  a  s u l f a t e  c o n t e n t  o f  200 
mg/l .  The t endons  d i d  n o t  come i n  d i r e c t  c o n t a c t  w i t h  t h e  groundwater .  

The f i r s t  t i e b a c k  f a i l e d  i n  a  b r i t t l e  f r a c t u r e  a t  a  r e l a t i v e l y  l a r g e  
c o r r o s i o n  p i t .  The p i t  was l o c a t e d  i n  t h e  u n p r o t e c t e d  a r e a  n e a r  t h e  anchor  
head.  It i s  p o s t u l a t e d  t h a t  l o c a l i z e d  h i g h  s t r e s s e s  developed a t  t h e  p i t ,  
and bending c o u l d  have o v e r - s t r e s s e d  t h e  tendon.  Sulphur  compounds were 
a l s o  p r e s e n t  a s  c o r r o s i o n  p r o d u c t s .  The i n v e s t i g a t o r s  concluded t h a t  
hydrogen e m b r i t t l e m e n t  p layed  a  minor r o l e  i n  t h e  c o r r o s i o n .  

The second f a i l u r e  was a t t r i b u t e d  t o  hydrogen e m b r i t t l e m e n t .  Cor ros ion  
cou ld  have been caused by s t r e s s  c o n c e n t r a t i o n ,  t h e  l a c k  of  c o r r o s i o n  



p r o t e c t i o n ,  and t h e  u s e  of  a  c o r r o s i o n  s u s c e p t i b l e  s t e e l .  Only s u l p h u r  
compounds were p r e s e n t  a s  c o r r o s i o n  p r o d u c t s .  

P o r t i e r  [ 4 8 ]  d e s c r i b e d  a  t iedown c o r r o s i o n  f a i l u r e  t h a t  occur red  a t  Joux 
Dam, T a r a r e ,  France .  The t iedowns were i n s t a l l e d  i n  1952,  and locked-off  a t  
2600 k i p s  (11,570 kN). The tendons  were f a b r i c a t e d  from s t e e l  w i t h  a  
214 k s i  (1 ,470  MPa) u l t i m a t e  s t r e n g t h ,  and s t r e s s e d  t o  157  k s i  (1 ,080 m a )  
a t  lock-of f .  Two months a f t e r  l o c k - o f f ,  i t  was d i s c o v e r e d  t h a t  two t iedowns 
c a r r i e d  a lmos t  no l o a d .  Upon examina t ion  of  t h e  t endons ,  i t  was observed 
t h a t  t h e  w i r e s  had broken.  A replacement  t iedown was made u s i n g  s t e e l  from 
t h e  same r e e l  a s  t h a t  used f o r  t h e  two f a i l e d  t iedowns.  The replacement  
a l s o  f a i l e d  i n  a  s i m i l a r  manner. Samples o f  unused w i r e  from t h e  same r e e l  
were t h e n  t e s t e d  i n  t h e  l a b o r a t o r y .  These t e s t s  showed f a i l u r e s  s i m i l a r  t o  
t h o s e  observed a t  t h e  dam. The f a i l u r e s  were b r i t t l e  o n e s ,  and t h e y  
occur red  w i t h i n  t h r e e  months of l o a d i n g .  They were c l a s s i f i e d  a s  c o r r o s i o n  
under t e n s i o n .  

Nicholson,  [ 5 0 ]  and [ 5 1 ] ,  r e p o r t e d  c o r r o s i o n  f a i l u r e s  a t  t h e  u n p r o t e c t e d  
anchor  head of  s e v e r a l  permanent t i e b a c k s .  The tendons  were f a b r i c a t e d  from 
1 114 i n c h e s  (32 mm) h i g h  s t r e n g t h  b a r s  having a n  u l t i m a t e  s t r e n g t h  of  150  
k s i  (1 ,033  MPa). The t i e b a c k s  were i n s t a l l e d  i n  1969 t o  s u p p o r t  a  w a l l  a t  
a n  i n d u s t r i a l  f a c i l i t y .  The tendons  were r e p a i r e d ,  and t h e  a r e a  around t h e  
anchor  head was p r o t e c t e d  i n  1972.  Since  t h a t  t i m e ,  they  have performed 
s a t i s f a c t o r i l y .  Nicholson C o n s t r u c t i o n  provided t h e  w r i t e r  w i t h  one of  t h e  
f a i l e d  t endons .  Heavy p i t t i n g  was observed where t h e  b a r  was u n p r o t e c t e d ,  
and b r i t t l e  f a i l u r e  s u r f a c e  was no ted .  The p r o t e c t e d  p o r t i o n  of  t h e  b a r  d i d  
not  show any ev idence  of  c o r r o s i o n  even though i t  was exposed t o  t h e  same 
environment .  

A d r a f t  B r i t i s h  Na t iona l  P h y s i c a l  Labora to ry  r e p o r t  [ 5 2 ]  reviewed a  
c o r r o s i o n  f a i l u r e  a s s o c i a t e d  w i t h  t i e d b a c k  c o n s t r u c t i o n .  ?tJo t i e b a c k s  
f a i l e d  when i n d i v i d u a l  b a r  tendons  f r a c t u r e d  w i t h o u t  warning.  The t endons  
were s i n g l e  b a r s  f a b r i c a t e d  from a  quenched and tempered s t e e l  w i t h  a n  
u l t i m a t e  s t r e n g t h  of  217.7 k s i  (1 ,500  MPa). The t i e b a c k s  had been 
locked-off  a t  a  s t r e s s  of 145.1 k s i  (1 ,000 MPa), and they  were u n p r o t e c t e d .  
The f a i l u r e  o c c u r r e d  t h r e e  months a f t e r  l o c k - o f f .  The paper  i n d i c a t e s  t h a t  
t h e  f a i l u r e s  were due  t o  hydrogen-induced s t r e s s  c o r r o s i o n ,  s t a r t i n g  a t  
c o r r o s i o n  p i t s .  Approximately f i v e  y e a r s  ago  t h e  remaining b a r s  were 
p r o t e c t e d  w i t h  g r o u t .  S ince  g r o u t i n g ,  no c o r r o s i o n  f a i l u r e s  have been 
obse rved .  

The s l u r r y  w a l l  f o r  New York 's  World Trade Cen te r  was t e m p o r a r i l y  
suppor ted  w i t h  t i e b a c k s .  The tendons were p r o t e c t e d  w i t h  g r o u t  a long  t h e  
anchor l e n g t h .  The unbonded l e n g t h  was p r o t e c t e d  by a  b e n t o n i t e - f i l l e d  
s t e e l  p i p e .  The lower end of t h e  p i p e  was g r o u t e d  i n t o  t h e  t o p  of  t h e  
rock .  A s a c r i f i c i a l  z i n c  r ibbon  anode was a l s o  i n s t a l l e d  w i t h  each tendon.  
The s i t e  was i n  a l a n d f i l l  a long  t h e  Hudson R i v e r ,  and t h e  s o i l  con ta ined  
l a r g e  amounts of o r g a n i c  m a t t e r .  S e v e r a l  of t h e  t i e b a c k s  exper ienced  
b r i t t l e  c o r r o s i o n  f a i l u r e s  . These f a i l u r e s  were l o c a t e d  n e a r  t h e  anchor  
head j u s t  above t h e  b e n t o n i t e .  The b e n t o n i t e  l e v e l  had dropped a s  much a s  
t h r e e  o r  f o u r  f e e t  dur ing  t h e  c o n s t r u c t i o n  p e r i o d .  Hydrogen s u l f i d e  gas  was 
p r e s e n t  i n  t h e  s o i l ,  and t h e  s a c r i f i c i a l  anode was consumed n e a r  t h e  anchor 
head of t h e  f a i l e d  t i e b a c k s .  



Schupack [ 2 9 ]  r e p o r t e d  a  t empora ry  t i e b a c k  f a i l u r e  r e s u l t i n g  from t a c k  
we ld ing  o n  1 1 1 4  i n c h  (32  mm) h i g h  s t r e n g t h  b a r s .  The b a r  f a i l e d  a t  40 k i p s  
(22 p e r c e n t  o f  i t s  u l t i m a t e  c a p a c i t y ) .  Schnabe l  Founda t ion  Company h a s  
o b s e r v e d  a s i m i l a r  f a i l u r e  when a  p r e s t r e s s i n g  b a r  was t a c k  we lded .  These 
t y p e s  o f  f a i l u r e s  a r e  b r i t t l e  and  t h e y  o c c u r  a t  r e l a t i v e l y  low l o a d s .  They 
are n o t  d u e  t o  c o r r o s i o n ,  b u t  t h e y  c a n  have  t h e  a p p e a r a n c e  o f  a  b r i t t l e  
c o r r o s i o n  f a i l u r e .  

Schnabe l  Founda t ion  Company h a s  e x p e r i e n c e d  t endon  f a i l u r e s  on  one  
permanent  t i e b a c k  p r o j e c t .  High s t r e n g t h  b a r  t e n d o n s  w i t h  a n  u l t i m a t e  
s t r e n g t h  o f  1 5 0  k s i  ( 1 , 9 3 3  MPa) were  u s e d .  The t i e b a c k s  were  i n s t a l l e d  a t  
t h e  f a c e  o f  a  r o c k  c u t  and e x t e n d e d  t o  s u p p o r t  a  w a l l  a s  b a c k f i l l  was p l a c e d  
be tween a  w a l l  a n d  t h e  c u t .  The t e n d o n s  had a  p l a s t i c  s h e a t h  o v e r  t h e  
unbonded l e n g t h  and  no p r o t e c t i o n  was p r o v i d e d  a t  t h e  a n c h o r  h e a d .  The 
t e n d o n s  f a i l e d  a b o u t  one  y e a r  a f t e r  t h e  c o m p l e t i o n  o f  t h e  w a l l .  A l l  t h e  
f a i l u r e s  o c c u r r e d  n e a r  t h e  i n t e r f a c e  be tween t h e  b a c k f i l l  and  t h e  r o c k  c u t ,  
and  t h e y  were  b e l i e v e d  t o  have  been  caused  by c o r r o s i o n .  When t h e  t i e b a c k s  
were  u n e a r t h e d ,  l a r g e  b o u l d e r s  were  found r e s t i n g  d i r e c t l y  on t o p  o f  t h e  
t e n d o n s ,  and  t h e  t e n d o n s  were  b e n t  n e a r  some o f  t h e  f r a c t u r e s .  An 
i n d e p e n d e n t  m e t a l l u r g i s t  r e p o r t e d  t h a t  t h e  f r a c t u r e s  were  n o t  a  r e s u l t  o f  
c o r r o s i o n .  I n s t e a d ,  t h e y  r e s u l t e d  when combined bending  and t e n s i l e  
s t r e s s e s  exceeded  t h e  u l t i m a t e  s t r e n g t h  o f  t h e  t e n d o n s .  

The t i e b a c k  f a i l u r e s  summarized above  show t h a t :  

1 )  Combined bend ing  and t e n s i l e  s t r e s s e s  have  caused  o r  c o n t r i b u t e d  t o  
t e n d o n  f a i l u r e s  when t h e y  exceed  t h e  u l t i m a t e  s t r e n g t h  o f  b a r  
t e n d o n s .  ( N u r n b e r g e r ' s  c a s e s  1, 2 ,  3 ,  and  8 ,  and  S c h n a b e l ' s  
r e p o r t e d  f a i l u r e .  ) 

2 )  Quenched and tempered p r e s t r e s s i n g  s t e e l s  ( N u r n b e r g e r ' s  c a s e s  1, 2 ,  
3 ,  6 ,  7 ,  and 8 a n d ,  t h e  B r i t i s h  N a t i o n a l  P h y s i c a l  L a b o r a t o r y  
r e p o r t e d  f a i l u r e ) ,  which a r e  s u s c e p t i b l e  t o  e m b r i t t l e m e n t  c o r r o s i o n  
f a i l u r e s ,  have  been  i n v o l v e d  i n  a  s i g n i f i c a n t  number o f  t h e  t i e b a c k  
f a i l u r e s .  These s t e e l s  s h o u l d  n o t  be used  f o r  t i e b a c k  t e n d o n s .  

3 )  The u n p r o t e c t e d  p o r t i o n  o f  a  t e n d o n  j u s t  behind  t h e  a n c h o r  head  i s  
s u s c e p t i b l e  t o  c o r r o s i o n .  ( N u r n b e r g e r ' s  c a s e s  1--9, N icho l son  
r e p o r t e d  f a i l u r e ,  and  World Trade  C e n t e r  f a i l u r e s . )  Care must  be 
t a k e n  t o  p r o t e c t  t h i s  a r e a .  

4 )  Blast f u r n a c e  s l a g  ( N u r n b e r g e r ' s  c a s e  4 ) ,  m o i s t  low pH s o i l  
( N u r n b e r g e r ' s  c a s e  5 ) ,  s l a g  and l i g h t  a s h  ( N u r n b e r g e r ' s  c a s e  9 ) ,  
i n d u s t r i a l  e n v i r o n m e n t s  ( N i c h o l s o n ' s  f a i l u r e s ) ,  and  o r g a n i c  f i l l s  
(World Trade  C e n t e r  f a i l u r e )  have  caused  c o r r o s i o n  f a i l u r e s  o f  
u n p r o t e c t e d  t i e b a c k  t e n d o n s .  

5 )  A l l  r e p o r t e d  f a i l u r e s  o c c u r r e d  i n  t h e  unbonded l e n g t h  o f  t h e  t e n d o n ,  
and  most  o c c u r r e d  n e a r  t h e  a n c h o r  head .  Poor q u a l i t y  p r o t e c t i o n ,  o r  
no  p r o t e c t i o n  was p r o v i d e d  o v e r  t h e  unbonded l e n g t h  o f  t h o s e  t e n d o n s  
which  f a i l e d .  

The c o r r o s i o n  pe r fo rmance  o f  t empora ry  t i e b a c k s  i s  u s e f u l  i n  e v a l u a t i n g  
t h e  pe r fo rmance  o f  permanent  t i e b a c k s .  The number o f  t empora ry  t i e b a c k  
c o r r o s i o n  f a i l u r e s  a r e  v e r y  s m a l l ,  and no s t r u c t u r a l  c o l l a p s e s  have  r e s u l t e d  
from t h e s e  f a i l u r e s .  Temporary t i e b a c k s  o f t e n  f u n c t i o n  f o r  e x t e n d e d  p e r i o d s  
o f  t i m e  d u e  t o  c o n s t r u c t i o n  o r  f i n a n c i n g  d e l a y s .  The p o t e n t i a l  f o r  p r o p e r l y  



p r o t e c t e d  permanent t i e b a c k s  t o  f a i l ,  due t o  c o r r o s i o n ,  i s  s l i g h t  when 
c o n s i d e r i n g  t h e  e x c e l l e n t  c o r r o s i o n  performance of  u n p r o t e c t e d  temporary 
t i e b a c k s .  

TIEBACK CORROSION PROTECTION SPECIFICATIONS 

Temporary and permanent t i e b a c k  c o r r o s i o n  p r o t e c t i o n  s t a n d a r d s  and 
recommendations have been developed due t o  i n c r e a s e d  t i e b a c k  usage  and t h e  
concern  a b o u t  tendon c o r r o s i o n .  These s t a n d a r d s  a r e  t h e  French 
Recommendations [ 5 3 ] ,  t h e  Dra f t  B r i t i s h  Code [ 5 4 ] ,  t h e  German S tandard  [ 5 5 ]  
and [ 5 6 ] ,  t h e  Swiss S tandard  [ 5 7 ] ,  t h e  FIP Rules  [ 5 8 ] ,  and t h e  PTI 
Recommendations [ 5 9 ] .  

Each t i e b a c k  s t a n d a r d ,  o r  recommendation, p r i m a r i l y  u s e s  s e r v i c e  l i f e  t o  
de te rmine  i f  a  t i e b a c k  i s  temporary o r  permanent.  They recommend l i t t l e  o r  
no c o r r o s i o n  p r o t e c t i o n  f o r  temporary t i e b a c k s ,  and most r e q u i r e  c o r r o s i o n  
p r o t e c t i o n  f o r  permanent ones .  Table 1 summarizes t h e  s p e c i f i e d  s e r v i c e  
l i f e  f o r  temporary t i e b a c k s .  A t i e b a c k  i s  c o n s i d e r e d  t o  be permanent i f  i t s  
s e r v i c e  l i f e  exceeds  t h o s e  l i s t e d .  The c o r r o s i o n  p r o t e c t i o n  requ i rements  of 
t h e  seven  s t a n d a r d s  a r e  summarized i n  Table  2 .  

Table 1. Temporary t i e b a c k  s e r v i c e  l i f e .  

German S tandard  [55]  I < 24 -- 

T I E B A C K  STANDARD 

PTI Recommendations 1591 

Swiss S tandard  [57]  

< D r a f t  B r i t i s h  Code [ 5 4 ]  2 4  

MAXIMUM SERVICE L I F E  
(MONTHS ) 

- < 18 

< 36 

French Recommendations [53]  

FIP  Rules  1581 I < 24 



Table 2 .  Tieback cor ros ion  p r o t e c t i o n  requirements.  

TYPE OF PROTECTION 

TEMPORARY TIEBACKS 

Engineer t o  s e l e c t  p ro t ec t ion  
based upon na tu re  of environment 
and r i s k .  

-- 

Contrac tor  t o  f u r n i s h  d e t a i l s  of 
proposed cor ros ion  p ro t ec t ion  so 
t h e  degree of p r o t e c t i o n  can be 
evaluated by t h e  design engineer .  

A 0 .79  ( 2  cm) grout  cover i n  t h e  
anchor zone i n  non-aggressive 
environments, and a  1.18 inch 
( 3  cm) grout  cover i n  aggress ive  
environments. 

Spec ia l  p ro t ec t ion  i s  no t  re -  
qu i r ed .  Designer engineer  i s  
requi red  t o  spec i fy  whether pro- 
t e c t i o n  i s  necessary a f t e r  he has 
considered a n t i c i p a t e d  l i f e  and 
na tu re  of environment. 

(1) No s p e c i a l  p r o t e c t i o n  i s  
recommended i n  a  non-aggressive 
environment i f  t he  s e rv i ce  l i f e  
i s  l e s s  than 9 months. 

- -- 

PERMANENT TIEBACKS 

Engineer t o  s e l e c t  pro- 
t e c t i o n  based upon na tu re  
of environment and r i s k .  

Zootractor  t o  f u r n i s h  de- 
t a i l s  of proposed corrosion 
pro tec t ion  so  the  degree 
of p ro t ec t ion  can be 
evaluated.  The p ro t ec t ion  
of t h e  tendon i n  t h e  anchor 
zone s h a l l  be a s  e f f e c t i v e  
and r e l i a b l e  a s  t h a t  pro- 
vided over t he  r e s t  of 
t h e  anchor. I f  no o the r  
p ro t ec t ion  than g rou t  i s  
t o  be used,  t h e  g rou t  cover 
should be a t  l e a s t  0 . 7 9  
inches ( 2  cm) . 

The p ro t ec t ion  must p ro t ec t  
t h e  tendon from a  micro- 
scopic poirlt of view. 
(Encapsulation of t he  com- 
p l e t e  tendon i s  considered 
t o  f u l f i l l  t h i s  requi re -  
ment) . 

The anchor and unbonded 
lengths  must be p ro t ec t ed  
by two o r  more phys i ca l  
b a r r i e r s  t o  cor ros ion  
which can be inspected 
p r i o r  t o  i n s e r t i o n .  Ex- 
cep t ion ,  i n  non-aggressive 
rocks wi th  a  permeabi l i ty  
of l e s s  than (10-1° m/sec) , 
then the  anchor l eng th  does 
not  have t o  be encapsulatec 

A p r o t e c t i o n  equiva len t  t o  
t he  p r o t e c t i o n  provided by 
a  continuous cement g rou t  
( r i g i d  p r o t e c t i o n )  o r  a  



Table  2 .  Tieback c o r r o s i o n  p r o t e c t i o n  requ i rements  ( c o n t i n u e d ) .  

t i g h t  s h e a t h  w i t h  a  f i l l e d  annu- 
l u s  i s  recommended i f  t h e  env i ro -  
ment i s  moderately a g g r e s s i v e  and 
t h e  s e r v i c e  l i f e  i s  l e s s  than  9 
months. 
( 3 )  I t  i s  recommended t h a t  t h e  
complete tendon be p r o t e c t e d  by 
an  e q u i v a l e n t  t o  con t inuous  ce-  
ment g r o u t  i f  t h e  environment 
i s  very a g g r e s s i v e  r e g a r d l e s s  
of s e r v i c e  l i f e .  
( 4 )  I n  t h e  unbonded l e n g t h  a  

w a t e r - t i g h t  s h e a t h  w i t h  a  f i l l e d  
annu lus  i s  recommended i f  t h e  
environment i s  non-aggress ive  
and t h e  s e r v i c e  l i f e  i s  between 9 
and 18 months. 
( 5 )  I t  i s  recommended t h a t  t h e  
complete  t e n d o n b e  p r o t e c t e d  by a  
p r o t e c t i o n  e q u i v a l e n t  t o  a  con- 
t i n u o u s  cement g r o u t  i f  t h e  env i -  
roment i s  moderate ly  a g g r e s s i v e  
and t h e  s e r v i c e  l i f e  i s  between 
9  and 18 months. 

TYPE OF PROTECTION 

- - - -  

(1) A 0.79 i n c h  ( 2  cm) g r o u t  
cover  i n  t h e  anchor  zone i n  a  
non-aggress ive  environment.  The 
unbonded l e n g t h  should be 
shea thed .  
( 2 )  A 1.18 inch  ( 3  cm) g r o u t  
cover  i n  t h e  anchor  zone i n  an  
a g g r e s s i v e  environment.  The un- 
bonded l e n g t h  should be  shea thed .  
( 3 )  A 0 .39 inch  (1 cm) g r o u t  
cover  i n  t h e  anchor  zone i n  wa te r  
t e s t e d  d r i l l  h o l e s  i n  sound rock .  
The unbonded l e n g t h  should be 
shea thed .  
( 4 )  No minimum g r o u t  cover  i s  r e -  
q u i r e d  i n  t h e  anchor  zone o r  
s h e a t h i n g  o v e r  t h e  unbonded l e n g t  
i f  t h e  s e r v i c e  l i f e  i s  l e s s  than  
12 months and t h e  environment i s  
n o n - a a m v e  . 

TEMPORARY TIEBACKS 

performance r e s i n s  (such 
a s  asphal ts -epoxy r e s i n s ) .  
I n  s o i l s  it i s  recommended 
t h a t  t h e  anchor be  c o n t i n -  
uously  p r o t e c t e d  o v e r  t h e  
t o t a l  l e n g t h .  

PERMANENT TIEEACKS 

Recommends t h a t  t h e  tendon 
p r o t e c t i o n  be made and 
checked under workshop o r  
some o t h e r  e q u i v a l e n t  con- 
d i t i o n s .  The tendon shoulc 
be e n t i r e l y  surrounded by 
t h e  p r o t e c t i o n  system. 

( 2 )  I n  t h e  unbonded l e n g t h a w a t e r -  con t inuous  f i l l i n g  of h igh  



The German t e m p o r a r y  t i e b a c k  s t a n d a r d  was adop ted  i n  1972 ,  and  i t  
i n f l u e n c e d  t h e  development  of  t h e  o t h e r  s t a n d a r d s .  The German I n d u s t r i a l  
Norm D I N  4125,  P a r t  1 [ 5 5 ] ,  r e q u i r e d  t h a t  t i e b a c k  c o n t r a c t o r s  and  t h e i r  
t i e b a c k  s y s t e m s  b e  l i c e n s e d .  I n  o r d e r  t o  l i c e n s e  a t i e b a c k ,  a c o n t r a c t o r  
had t o  i n s t a l l  t i e b a c k s  which  were  l o a d  t e s t e d  and u n e a r t h e d .  L o n g i t u d i n a l  
and t r a n s v e r s e  c r a c k s  were  o b s e r v e d  i n  t h e  g r o u t  b o d i e s  o f  t h e  u n e a r t h e d  
t i e b a c k s .  A s  permanent  t i e b a c k s  became more common i n  Germany, D I N  4125,  
P a r t  2 [ 5 6 ] ,  was a d o p t e d  i n  1976 .  T h i s  permanent  t i e b a c k  s t a n d a r d  r e q u i r e d  
t h e  t i e b a c k  t e n d o n s  t o  be  c o m p l e t e l y  e n c a p s u l a t e d  i n  a n  a i r t i g h t  c o r r u g a t e d  
s h e a t h .  The e n c a p s u l a t i o n  was r e q u i r e d  because  t h e  a n c h o r  g r o u t  was known 
t o  c r a c k ,  and  c r a c k e d  c o n c r e t e  and  g r o u t  had n o t  p rov ided  c o r r o s i o n  
p r o t e c t i o n  f o r  c o n c r e t e  s t r u c t u r e s  exposed  t o  t h e  a t m o s p h e r e .  Another  
f a c t o r  t h a t  l e d  t h e  Germans t o  c o m p l e t e l y  e n c a p s u l a t e  t h e  t e n d o n  was t h e  
e x c e s s i v e  c o r r o s i o n  p rob lems  a s s o c i a t e d  w i t h  European quenched  and  tempered  
p r e s t r e s s i n g  s t e e l s .  I n  Germany and o t h e r  European c o u n t r i e s ,  commerc ia l  
p r e s s u r e  k e p t  t h e s e  s t e e l s  f rom b e i n g  p r o h i b i t e d  e v e n  though t h e i r  g r e a t e r  
s u s c e p t i b i l i t y  t o  b r i t t l e  f a i l u r e s  was documented.  

The F I P ,  B r i t i s h ,  and  F rench  t i e b a c k  s t a n d a r d s  have  been  i n f l u e n c e d  by 
t h e  German s t a n d a r d ,  and  by t h e  c o r r o s i o n  problems a s s o c i a t e d  w i t h  t h e  
quenched and  tempered  s t e e l s .  They recommend e n c a p s u l a t i o n  f o r  a l l  
permanent  s o i l  t i e b a c k  t e n d o n s .  However, t h e  w r i t e r ' s  r e v i e w  o f  c u r r e n t  
p r a c t i c e  found t h a t  o n l y  i n  Germany i s  e v e r y  permanent  t i e b a c k  
e n c a p s u l a t e d .  I n  Europe a n d  t h e  Un i t ed  S t a t e s ,  most permanent  t i e b a c k s  
s t i l l  u s e  g r o u t  p r o t e c t i o n  a l o n g  t h e  a n c h o r  l e n g t h ,  a  g r e a s e  f i l l e d  t u b e  
o v e r  t h e  unbonded l e n g t h ,  a  g r e a s e ,  o r  g r o u t  f i l l e d  t r a n s i t i o n  be tween t h e  
unbonded l e n g t h  p r o t e c t i o n  and  t h e  a n c h o r  h e a d ,  and  a  g r e a s e  f i l l e d  c a p  o r  
c o n c r e t e  encasemen t  a t  t h e  a n c h o r  h e a d .  

COMMOPLY USED TIEBACK CORROSION PROTECTIONS 

A v a r i e t y  o f  t i e b a c k  c o r r o s i o n  p r o t e c t i o n  s y s t e m s  h a s  h e e n  d e v e l o p e d .  
Many o f  t h e s e  s y s t e m s  a r e  p r o p r i e t a r y  and some a r e  n o t  c o m p a t i b l e  w i t h  
c e r t a i n  i n s t a l l a t i o n  methods  o r  t e n d o n  t y p e s .  Except  f o r  t h e  u n p r o t e c t e d  
t e n d o n s ,  a l l  o f  t h e  f o l l o w i n g  c o r r o s i o n  p r o t e c t i o n  s y s t e m s  have  a d e q u a t e l y  
p r o t e c t e d  permanent  t i e b a c k s .  

A .  U n p r o t e c t e d  T i e b a c k  

U n p r o t e c t e d  t i e b a c k s  a r e  u sed  f o r  t empora ry  a p p l i c a t i o n s .  F i g u r e  41 
shows a n  u n p r o t e c t e d  b a r  t e n d o n .  Neat cement  g r o u t  p r o v i d e s  p r o t e c t i o n  f o r  
t h e  t e n d o n  a l o n g  t h e  a n c h o r  l e n g t h .  The unbonded l e n g t h  may be  s h e a t h e d  o r  
u n s h e a t h e d .  I f  a  s h e a t h  i s  u s e d ,  t h e  a n n u l a r  s p a c e  be tween t h e  s h e a t h  and  
t h e  t e n d o n  d o e s  n o t  have  t o  be  f i l l e d  w i t h  a  c o r r o s i o n  r e s i s t a n t  g r e a s e ,  o r  
g r o u t .  The a n c h o r  head  and  t h e  t r a n s i t i o n  between t h e  unbonded l e n g t h  and  
t h e  a n c h o r  head  i s  u n p r o t e c t e d .  T h i s  i s  t h e  a r e a  most  s u s c e p t i b l e  t o  
c o r r o s i o n .  I n  t h i s  a r e a  t h e  b a r e  t e n d o n  i s  exposed  t o  oxygen ,  m o i s t u r e ,  and  
t h e  e n v i r o n m e n t .  
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B. S i m ~ l e  Cor ros ion  P r o t e c t e d  Tieback 

Simple c o r r o s i o n  p r o t e c t i o n  of  a  t i e b a c k  tendon u s e s  p o r t l a n d  cement 
g r o u t  a long  t h e  anchor  l e n g t h ,  and a  g r e a s e  f i l l e d  s h e a t h  o v e r  t h e  unbonded 
l e n g t h  t o  p r o t e c t  t h e  tendon.  A h e a t  s h r i n k a b l e  s l e e v e  may be used i n  l i e u  
o f  t h e  g r e a s e  f i l l e d  s h e a t h .  F i g u r e s  42 and 43 show a  s imple  c o r r o s i o n  
p r o t e c t i o n  sys tem f o r  a  s t r a n d  and a  b a r  tendon r e s p e c t i v e l y .  F i g u r e  44 
shows a  h e a t  s h r i n k a b l e  s l e e v e  p r o t e c t i n g  t h e  unbonded l e n g t h  o f  a  b a r  
tendon.  

When a  s imple  c o r r o s i o n  p r o t e c t i o n  sys tem i s  u s e d ,  c a r e  i s  t a k e n  t o :  

1 )  Ensure  t h a t  t h e  tendon h a s  adequa te  g r o u t  cover  ( a  minimum of 1 / 2  
i n c h  [12.7 mm] ) . 

2 )  Extend t h e  anchor  g r o u t  above t h e  bottom of t h e  unbonded l e n g t h  
( two f o o t  [0 .61  m] minimum). 

3 )  F i l l  t h e  a n n u l a r  space  between t h e  tendon and t h e  s h e a t h  w i t h  
a n t i c o r r o s i o n  g r e a s e ,  o r  p o r t l a n d  cement g r o u t ,  o r  a  h e a t  
s h r i n k a b l e  s l e e v e .  

4 )  S e a l  both  e n d s  of  t h e  s h e a t h  around t h e  tendon.  

C. Coa t ines  

Coat ing t h e  anchor  l e n g t h  p o r t i o n  of  t h e  tendon i s  done t o  p rov ide  
p r o t e c t i o n  i n  a d d i t i o n  t o  t h e  g r o u t .  F igure  44 shows a  p a t e n t e d  c o r r o s i o n  
p r o t e c t i o n  sys tem (U.S. P a t e n t  No. 4 ,124 ,983)  u s i n g  a n  e l e c t r o s t a t i c a l l y  
a p p l i e d  epoxy (powdered epoxy) c o a t i n g .  The unbonded l e n g t h  of  t h i s  t i e b a c k  
i s  covered w i t h  a  h e a t  s h r i n k a b l e  s l e e v e .  A smooth p l a s t i c  bond b r e a k e r  i s  
p laced  o v e r  t h e  t o p  of  t h e  h e a t  s h r i n k a b l e  t u b e .  A g r e a s e  f i l l e d  t u b e  may 
a l s o  be used t o  p r o t e c t  t h e  unbonded l e n g t h  o f  t h e  tendon.  Other  
n o n m e t a l l i c  (epoxy) ,  and m e t a l l i c  ( g a l v a n i z e d )  c o a t i n g s  have been a p p l i e d  t o  
t i e b a c k  t endons .  A t  t h i s  t i m e  c o a t i n g s  have o n l y  been a p p l i e d  t o  b a r  
tendons .  

I n  o r d e r  f o r  a  c o a t i n g  t o  be e f f e c t i v e  i t  must:  

1 )  Be r e s i s t a n t  t o  chemical  a t t a c k s  from t h e  g r o u t  and t h e  
environment .  

2 )  Uniformly c o a t  t h e  tendon.  
3 )  Be r e s i s t a n t  t o  a b r a s i o n  and impact .  
4 )  Be r e s i s t a n t  t o  h a n d l i n g  and i n s t a l l a t i o n  damage. 
5 )  Enable  t h e  t endon  t o  deve lop  adequa te  bond w i t h  t h e  g r o u t  wi thou t  

c r e e p i n g .  
6 )  Be c a p a b l e  o f  e l o n g a t i n g  w i t h  t h e  t endon  w i t h o u t  debonding.  

D. Encapsu la ted  Tieback 

Complete e n c a p s u l a t i o n  o f  t h e  p r e s t r e s s i n g  s t e e l  i s  accomplished by 
g r o u t i n g  i t  i n t o  a  c o r r u g a t e d  PVC o r  h i g h  d e n s i t y  p o l y e t h y l e n e  t u b e ,  o r  a  
deformed s t e e l  p i p e .  The c a p s u l e  must be c a p a b l e  of  deforming w i t h  t h e  
s t e e l  d u r i n g  s t r e s s i n g  and t e s t i n g ,  w i t h s t a n d i n g  damage d u r i n g  c o n s t r u c t i o n ,  
and t r a n s f e r r i n g  l o a d s  a p p l i e d  t o  t h e  tendon.  
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F i g u r e s  45  and 46 show a  compe te ly  e n c a p s u l a t e d  b a r  and s t r a n d  t endon  
r e s p e c t i v e l y .  The s t r a n d  t e n d o n  i s  p r o t e c t e d  by a  c o r r u g a t e d  h i g h  d e n s i t y  
p o l y e t h y l e n e  t u b e ,  and  t h e  b a r  i s  p r o t e c t e d  by a  c o r r u g a t e d  PVC t u b e .  
F i g u r e  47 shows a  TMD t i e b a c k ,  which u s e s  a  deformed m e t a l  t u b e  t o  p r o t e c t  
t h e  t endon .  S I F  Bachy, a  French c o n t r a c t o r  deve loped  t h i s  t i e b a c k .  TMD i s  
a n  a b b r e v i a t i o n  f o r  " t e r r a i n  meuble d e f e r r e d "  ( d e f e r r e d  g r o u t i n g  i n  s h i f t i n g  
g round) .  F i r s t  t h e  m e t a l  t u b e  i s  g r o u t e d  i n t o  t h e  ground.  A f t e r  t h e  t u b e  
h a s  been  g r o u t e d  i n  p l a c e ,  t h e  t e n d o n  i s  g r o u t e d  i n t o  t h e  t u b e ,  (See  Page 
159  f o r  c o n s t r u c t i o n  d e t a i l s ) .  

The a n n u l a r  s p a c e  between t h e  c a p s u l e  and  t h e  p r e s t r e s s i n g  s t e e l  a r e  
u s u a l l y  f i l l e d  w i t h  n e a t  cement g r o u t .  The g r o u t  u s e d  t o  bond t h e  s t e e l  t o  
t h e  c a p s u l e  o f t e n  c o n t a i n s  a n  a d m i x t u r e  t o  c o n t r o l  b l e e d i n g  o f  w a t e r  f rom 
t h e  g r o u t  (See  Page 1 3 7 ) .  I n  B r i t a i n ,  p o l y e s t e r  r e s i n s  have  been  u s e d  t o  
f i l l  t h e  a n n u l a r  s p a c e .  Ba r s  a r e  u s u a l l y  g r o u t e d  i n t o  t h e i r  c o r r u g a t e d  
e n c a p s u l a t i o n s  p r i o r  t o  i n s e r t i o n  i n t o  t h e  d r i l l  h o l e .  Long o r  l a r g e  
t e n d o n s  may be g r o u t e d  i n t o  t h e i r  c a p s u l e s  a f t e r  t h e y  a r e  p l a c e d  i n  t h e  
d r i l l  h o l e .  When t h e y  a r e  g r o u t e d  depends  upon w h e t h e r  o r  n o t  t h e  
p r e g r o u t e d  t e n d o n  c a n  be h a n d l e d  w i t h o u t  damaging t h e  c o r r o s i o n  p r o t e c t i o n .  
Heavy p r e g r o u t e d  t e n d o n s  r e q u i r e  mechan ica l  h a n d l i n g .  

S e c t i o n  A-A i n  F i g u r e s  45 ,  46 ,  and  47 show how t h e  unbonded l e n g t h s  o f  
e n c a p s u l a t e d  t i e b a c k s  c a n  be  p r o t e c t e d .  When b a r  t e n d o n s  a r e  u s e d ,  a  
g r o u t - f i l l e d  c o r r u g a t e d  t u b e  c o v e r s  t h e  comple t e  t endon ,  and  a  smooth bond 
b r e a k e r  i s  p l a c e d  o v e r  t h e  c o r r u g a t e d  t u b e  i n  t h e  unbonded l e n g t h .  When 
s t r a n d  t e n d o n s  a r e  u s e d ,  t h e  unbonded l e n g t h  o f  e a c h  s t r a n d  i s  g r e a s e d  and 
s h e a t h e d  and t h e  s t r a n d  bund le  i s  e n c a s e d  i n  a  g r o u t - f i l l e d  t u b e .  

E. C o m ~ r e s s i o n  Tube T iebacks  

Stump Bohr AG, a  Swis s  c o n t r a c t o r ,  and  K a r l  Baue r ,  a  German c o n t r a c t o r ,  
u s e  compress ion  t u b e s  t o  p r o t e c t  b a r  t i e b a c k  t e n d o n s  from c o r r o s i o n .  F i g u r e  
48  shows a  t y p i c a l  compress ion  t u b e  t i e b a c k .  The p r i n c i p l e  beh ind  t h e  
compress ion  t u b e  i s  t h a t  t h e  g r o u t  c a n  be p r e v e n t e d  from c r a c k i n g  i f  i t  i s  
p l a c e d  i n  compress ion .  The l e n g t h  o f  t h e  t u b e  i s  1 1 . 5  f e e t  (3 .5  m) f o r  
c o h e s i v e  s o i l s ,  and  8 .2  f e e t  (2 .5  m) f o r  d e n s e  c o h e s i o n l e s s  s o i l s  and  r o c k .  
The a n n u l a r  s p a c e  be tween t h e  compress ion  t u b e ,  and  t h e  t e n d o n  i s  f i l l e d  
w i t h  a n  a n t i c o r r o s i o n  g r e a s e .  The unbonded l e n g t h  i s  cove red  w i t h  a smooth 
PVC t u b e ,  and  t h e  a n n u l a r  s p a c e  i s  a l s o  f i l l e d  w i t h  g r e a s e .  

F. End Anchor P l a t e  Compression T iebacks  

Another  t y p e  o f  compress ion  t i e b a c k  i s  made u s i n g  a n  end a n c h o r  p l a t e  a t  
t h e  bot tom o f  t h e  a n c h o r  l e n g t h .  F i g u r e  49 shows a n  end  a n c h o r  p l a t e  
compress ion  t i edown  f a b r i c a t e d  u s i n g  a but ton-headed w i r e  t endon .  Smooth 
b a r s ,  o r  t o t a l l y  g r e a s e d  and s h e a t h e d  s t r a n d s  and  deformed b a r s  c o u l d  a l s o  
be used  w i t h  end  a n c h o r  p l a t e s .  

When smoooth t e n d o n s  a r e  u s e d ,  end  a n c h o r  p l a t e s  a r e  r e q u i r e d  b e c a u s e  i t  
i s  n o t  p o s s i b l e  t o  d e t e r m i n e  w h e t h e r  o r  n o t  t h e  smooth t e n d o n  w i l l  d e v e l o p  
t h e  n e c e s s a r y  bond w i t h  t h e  a n c h o r  g r o u t .  

End a n c h o r  p l a t e  compress ion  t i e b a c k s  p l a c e  t h e  a n c h o r  g r o u t  i n  
compress ion  and t h i s  g r o u t  i s  assumed t o  be  c r a c k  f r e e .  Ilowever, t h e  f o r c e  



Unbonded l eng th  

I . .  . . I 

1. Anchorage cover 
2. Nut 
3 .  Ant icor ros ion  grease 
4. Bearing p l a t e  
5. Trumpet 
6. Ant icor ros ion  grease  o r  g rout  
7 .  S e a l  
8. PVC bond breaker  

Anchor l eng th  - 

Deta i l  1-1 

Sec t ion  A-A Sec t ion  B-B 
(see D e t a i l  1-1) 

Legend : 

9. P ro t ec t ed  bar  coupi-er 
10. Bar tendon 
11. Encapsulat ion grout  
12. C e n t r a l i z e r s  
13. Corrugated PVC 
14. Anchor grout  
15. End cap 

Figure 45. Encapsulated bar  t i eback .  



S e c t i o n  A-A - S e c t i o n  B-B  

Unbonded l e n g t h  Anchor l e n g t h  

Legend: - 

4 ++ 

Anchorage cover  
Anchor head and wedges 
A n t i c o r r o s i o n  g r e a s e  o r  g r o u t  
Bear ing p l a t e  
Trumpet 
S e a l  
A n t i c o r r o s i o n  g r e a s e  o r  g r o u t  
PVC o r  p o l y e t h y l e n e  t u b e  

* 

9. I n d i v i d u a l l y  g reased  & shea thed  s t r a n d s  
10. Spacer  
11. S t r a n d  tendon 
12.  Corrugated p o l y e t h y l e n e  o r  PVC 
13. C e n t r a l i z e r  
14.  Anchor g r o u t  
15.  Grout o r  p o l y e s t e r  r e s i n  
16.  End cap 

Figure  46.  Encapsu la ted  s t r a n d  t i e b a c k .  



Unbonded length  b4 -- Anchor length  

Sec t ion  A-A Sec t ion  B-B 

Legend : 

Anchorage cover 
Anchor head and wedges 
Ant icor ros ion  grease  o r  g rout  
Bearing p l a t e  
Trurnpe t 
Ant icor ros ion  grease  o r  g rout  
Sea l  
Greased and sheathed s t r a n d s  
PVC bond breaker  

I n f l a t a b l e  bag 
Deformed meta l  tube 
C e n t r a l i z e r  
Grouting , va lve  
Strand 
Encapsulat ion grout  
Anchor grout  
End cap 
Spacer 

Figure 47. Encapsulated TMD t i eback .  
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Legend : 

1 )  Anchorage c o v e r  
2 )  Anchor head  
3 )  A n t i c o r r o s i o n  g r e a s e  

o r  g r o u t  
4) B e a r i n g  p l a t e  
5) Wire tendon 
6 )  Grout  t u b e  
7 )  End anchor  p l ~ . t e  

F igure  4 9 .  Pr imary  and seconda ry  g r o u t  u sed  f o r  c o r r o s i o n  
p r o t e c t i o n  of a w i r e  t endon .  



e x e r t e d  on  t h e  g r o u t  by t h e  end a n c h o r  p l a t e  c a n  c r ~ l s l ~  t h e  q r o ~ l t  i f  s o f t  
ground s u r r o u n d s  t h e  g r o u t .  Thrsta : ich , lvks  J r c  p r i m r i  I >  u ' ; P ~  i n  r o c ;  , 
where  t h e  a n c h o r  g r o u t  i s  adequate l : ;  conr i n e d .  

Secondary  g r o u t i n g  i s  u s e d  t o  p r o t e c t  t h e  un5ondp6 l e n g t h  of  ha re  
t e n d o n s .  F i r s t  t h e  a n c h o r  g r o u t  ( p r i m a r y  g r o t l t )  i s  p l aced  and t h e n  t h e  
t i e b a c k  i s  t e s t e d  and l o c k e d - o f f .  A f t e r  l o c k - o f f  t h e  s e c o n d a r y  g r o u t  i s  
t r e m i e d  i n t o  t h e  unbonded l e n g t h  t h r o u g h  a  g r o u t  t u b e .  Secondary  g r o u t i n g  
bonds t h e  unbonded l e n g t h  o f  t h e  t endon  t o  t h ~  qrounr ' .  Secondnry  ? r o u t i n g  
i s  more f u l l y  d e s c r i b e d  on Page 1 4 9 .  

Many of  t h e  e a r l y  r o c k  t i edowns  were  made u s i n g  end a n c h o r  p l a t e  
but ton-headed  w i r e  t e n d o n s .  Today, t h e y  a r e  n o t  common b e c a u s e :  

1 )  P r e s t r e s s i n g  b a r s  and  s t r a n d s  c a n  t r a n s f e r  t h e  t i e b a c k  f o r c e  t o  t h e  
g r o u t  i n  bond.  

2 )  End a n c h o r  p l a t e s  and a n c h o r  h ~ , + d s  a r e  i n s t a l l e d  i n  t h e  shop  f i x i n g  
t h e  t i e b a c k  l e n g t h .  The t i e b a c k  l e n g t h  c a n n o t  be i n c r e a s e d  i n  t h e  
f i e l d .  

3 )  Seconda ry  g r o u t i n g  i s  o f t e n  d i f f i c u l t  because  o f  damage t o  t h e  
g r o u t  t u b e  o r  s t o p p a g e s .  

4 )  Permeable  g r o u t  i s  l i k e l y  t o  be p r e s e n t  a t  t h e  j o i n t  between 
p r i m a r y  and  s e c o n d a r y  g r o u t .  

5 )  Grou t  b l e e d  may c r e a t e  v o i d s  u n d e r  t h e  b e a r i n g  p l a t e  c x p o s i n g  t h e  
t e n d o n  t o  c o r r o s i o n .  

G. P r o t e c t i o n  a t  t h e  Anchor Head 

The most  c r i t i c a l  a r e a  t o  p r o t e c t  f rom c o r r o s i o n  i s  i n  t h e  v i c i n i t y  of  
t h e  a n c h o r  h e a d .  Below t h e  b e a r i n g  p l a t e ,  t h e  c o r r o s i o n  p r o t e c t i o n  o v e r  t h e  
unbonded l e n g t h  must  be t e r m i n a t e d ,  e x p o s i n g  t h e  ba re  t e n d o n .  Above t h e  
b e a r i n g  p l a t e ,  t h e  b a r e  t e n d o n  i s  g r i p p e d  by e i t h e r  wedges o r  n u t s ,  o r  
deformed i n  t h e  c a s e  o f  w i r e s .  R e g a r d l e s s  o f  t h e  t y p e  of  t e n d o n ,  t h e  
t r a n s f e r  mechanism c r e a t e s  s t r e s s  c o n c e n t r a t i o n s ,  and  m e c h a n i c a l l y  damages 
t h e  s u r f a c e  o f  t h e  t e n d o n .  

It must  be assumed t h a t  t h e  environmc>nt a t  t h e  a n c h o r  head  i s  c o r r o s i v e  
s i n c e  oxygen,  m o i s t u r e  and  a g g r e s s i v e  e l e m e n t s  a r e  r e a d i l y  a v a i l a b l e .  The 
a g g r e s s i v e n e s s  i n  t h i s  a r e a  i s  d e m o n s t r a t e d  by t h e  f a c t  t h a t  most  c o r r o s i o n  
f a i l u r e s  o c c u r  w i t h i n  a  s h o r t  d i s t a n c e  o f  t h e  a n c h o r  h e a d .  Rending of  t h e  
t e n d o n  a t  t h e  a n c h o r  head  a l s o  h a s  c o n t r i b u t e d  t o  f a i l u r e s  o f  b a r  t e n d o n s .  
The d r a f t  B r i t i s h  Code [ 5 4 ] ,  and  t h e  & m a n  S t a n d a r d s  [ 5 5 ]  and [ 5 6 ]  r e q u i r e  
t h e  a n c h o r a g e  t o  be d e s i g n e d  t o  p r e v e n t  e x c e s s i v e  bending  of  t h e  t e n d o n .  
The d r a f t  B r i t i s h  Code [ 5 4 ]  s p e c i f i e s  t h a t  t h e  a n g l e  hetween t h e  t e n d o n  and  
t h e  b e a r i n g  p l a t e  may n o t  v a r y  from 90° by more t h a n  5O j n  t h e  c a s e  of  a  
s t r a n d  o r  w i r e  t e n d o n ,  and  by more t h a n  3O i n  t h e  c a s e  o f  a  b a r  t e n d o n .  

F i g u r e  5 0  shows a  c o r r o s i o n  p r o t e c t i o n  s y s t e m  f o r  t h e  a n c h o r a g e .  A 
s t e e l  o r  p l a s t i c  t r u m p e t  i s  u s e d  t o  t r a n s i t i o n  from t h e  a n c h o r  head  t o  t h e  
unbonded l e n g t h  c o r r o s i o n  p r o t e c t i o n .  One end  of  t h e  t r u m p e t  i s  f a s t e n e d  t o  
t h e  b e a r i n g  p l a t e  a n d  t h e  o t h e r  end  i s  f i t t e d  w i t h  a  d e f o r m a b l e  s e a l .  The 
s e a l  f i t s  t i g h t l y  a round  t h e  c o r r o s i o n  p r o t e c t i o n  o v e r  t h e  unbonded l e n g t h ,  
and a l l o w s  t h e  t e n d o n  t o  move w i t h i n  t h e  t r u m p e t .  The a n n u l a r  s p a c e  be tween 
t h e  t r u m p e t  and t h e  t e n d o n  i s  f i l l e d  w i t h  a n t i c o r r o s i o n  g r e a s e  o r  g r o u t .  

The a n c h o r  head  i s  p r o t e c t e d  by a n  a n t i c o r r o s i o n  g r e a s e ,  o r  g r o u t  f i l l e d  



c o v e r ,  o r  i t  i s  embedded i n  c o n c r e t e .  i h e  a n c h o r  hea:! i s  prot::ctsci jy a  
g r e a s e - f i l l e d  c o v e r  i f  l i f t - o f f  t e s t s  o r  :oaf< a d j ~ s t m e n t s  a r e  a n t i c i p a t e d .  
Care i s  r e q u i r e d  t o  e n s u r e  t h a t  t : ~ e  grease o r  &grout f i l l s  t h e  e n t i r e  s p a c e  
i n s i d e  t h e  t r u m p e t  and t h e  ancho rage  c o v e r .  

7 B e a r i n g  p l a t e  

. ' .  

A n t i c o r r o s i o  
g r e a s e  o r  g r o u t  

Anchor head  

o r  g r o u t  

. 8 ,  . 

F i g u r e  50. Permanent  t i e b a c k  a n c h o r  head p r o t e c t i o n .  

POTENTIAL CORROSION MECHANISMS AFFECTING THE ANCHOR LENGTH 

T ieback  c o r r o s i o n  f a i l u r e s  h a v e  n o t  o c c u r r e d  i n  t h e  a n c h o r  l e n g t h .  The 
known f a i l u r e s  have  a l l  been  i n  t h e  unbonded l e n g t h .  However, s i n c e  few 
t i e b a c k s  have  been  i n s t a l l e d  f o r  a  p e r i o d  o f  t ime  e q u a l  t o  t h e i r  s e r v i c e  
l i f e ,  t h e r e  i s  a  q u e s t i o n  a s  t o  w h e t h e r  o r  n o t  c o r r o s i o n  problems migh t  
d e v e l o p  w i t h  t i m e .  By i d e n t i f y i n g  and s t u d y i n g  t h e  p o t e n t i a l  c o r r o s i o n  
mechanisms t h a t  m i g h t  a f f e c t  t h e  t e n d o n  w i t h i n  t h e  a n c h o r  l e n g t h ,  i t  becomes 
a p p a r e n t  why t i e b a c k s  have  n o t  s u f f e r e d  from c o r r o s i o n  a l o n g  t h e  a n c h o r  
l e n g t h ,  and  how t o  d e s i g n  a  c o r r o s i o n  p r o t e c t i o n  s y s t e m  t o  f u r t h e r  m i n i m i z e  
t h e  r i s k  o f  c o r r o s i o n .  Four  c o r r o s i o n  mechanisms might  p o s s i b l y  a f f e c t  t h e  
t i e b a c k  t e n d o n  a l o n g  t h e  a n c h o r  l e n g t h :  

1 )  A l o c a l  c o r r o s i o n  s y s t e m ,  p a r t i c u l a r l y  a t  t h e  u p p e r  end  where  t h e  
a n c h o r  g r o u t  c r a c k s .  T h i s  c o r r o s i o n  c e l l  i s  s o l e l y  i n f l u e n c e d  by 
t h e  immedia te  s o i l  e n v i r o n m e n t ,  and t h e  p e r m e a b i l i t y  and  t h i c k n e s s  

o f  t h e  g r o u t  c o v e r .  



2 )  A l o n g - l i n e  c o r r o s i o n  s y s t e m  e s t a b l i s h e d  between t h e  t e n d o n  and 
s t e e l  i n  t h e  s t r u c t u r e  t o  which i t  i s  e l e c t r i c a l l y  c o u p l e d  ( t h e  
r e b a r s  i n  a  t i e d b a c k  c o n c r e t e  w a l l ) .  

3 )  A s t r a y - c u r r e n t  c o r r o s i o n  sys t em where d i r e c t  c u r r e n t  e n t e r s  a  
t i e d b a c k  s t r u c t u r e  a t  one  l o c a t i o n  and t r a v e l s  a l o n g  t h e  s t r u c t u r e  
r e t u r n i n g  t o  t h e  ground t h r o u g h  a  t i e b a c k .  

4 )  A s t r a y - c u r r e n t  c o r r o s i o n  sys t em where d i r e c t  c u r r e n t  e n t e r s  a  
t i e b a c k  t e n d o n  a t  one  l o c a t i o n  a l o n g  t h e  a n c h o r  l e n g t h  and r e t u r n s  
t o  t h e  ground a t  a n o t h e r  l o c a t i o n  a l o n g  t h e  a n c h o r  l e n g t h .  

A.  L o c a l  C o r r o s i o n  Sys tems 

F i g u r e  51 shows t h e  l o c a l  c o r r o s i o n  sys t em t h a t  c o u l d  t h e o r e t i c a l l y  
a f f e c t  t h e  p r e s t r e s s i n g  s t e e l  a l o n g  t h e  a n c h o r  l e n g t h  o f  a  g r o u t  p r o t e c t e d  
t i e b a c k .  I f  t h i s  sys t em d e v e l o p s ,  b o t h  t h e  c a t h o d e  and t h e  anode  would be 
l o c a t e d  a l o n g  t h e  a n c h o r  l e n g t h .  I n  o r d e r  f o r  a  l o c a l  c e l l  t o  e x i s t ,  t h e  
t e n d o n  must  b e  d e p a s s i v a t e d ,  and oxygen must be p r e s e n t  i n  t h e  s o i l .  
D e p a s s i v a t i o n  o c c u r s  when t h e  hydrous  f e r r o u s  o x i d e  f i l m  ( p a s s i v e  f i l m ) ,  
which p r o t e c t s  t h e  t e n d o n ,  i s  d e s t r o y e d .  C h l o r i d e s  a t t a c k  t h e  p a s s i v e  f i l m ,  
and t h e y  a r e  t h e  most  common d e p a s s i v a t o r s .  Acids  a l s o  c a n  d e p a s s i v a t e  a  
t e n d o n  by a t t a c k i n g  t h e  f e r r o u s  o x i d e  f i l m .  The hydrous  f e r r o u s  o x i d e  f i l m  
i s  s o l u b l e  when t h e  pH d r o p s  below a b o u t  4 .5 .  S i n c e  t h e  g r o u t  c r a c k s  a t  t h e  
t o p  o f  t h e  a n c h o r  zone ,  a n  a g g r e s s i v e  env i ronmen t  c o u l d  d e p a s s i v a t e  t h e  
t endon .  Even i f  t h e  t e n d o n  i s  d e p a s s i v a t e d ,  i t  w i l l  n o t  c o r r o d e  by l o c a l  
c e l l  a c t i o n  i f  oxygen i s  n o t  a v a i l a b l e  i n  t h e  s o i l  a round  t h e  a n c h o r ,  and 
t h e  pH i s  g r e a t e r  t h a n  4.5. U h l i g  [ 2 0 ]  c o n f i r m s  t h a t  be tween a  pH o f  4 t o  
10  t h e  c o r r o s i o n  r a t e  i s  i n d e p e n d e n t  o f  pH, and depends  o n l y  on t h e  
a v a i l a b i l i t y  o f  oxygen a t  t h e  m e t a l  s u r f a c e .  He a l s o  s t a t e s  t h a t  a l m o s t  a l l  
n a t u r a l  w a t e r s  have  a  pH be tween 4 and 10. 

Grease  f i l l e d  s h e a t h ,  

P o t e n t i a l  d i f f e r e n c e  

R e s i s t i v i t y  

, ,' 
0 .  

Oxygen r e q u i r e d  I I 

a t  t h e  c a t h o d e  
I 

, * a  

F i g u r e  51.  L o c a l  c o r r o s i o n  sys t em t h a t  c o u l d  a f f e c t  a  
s i m p l e  c o r r o s i o n  p r o t e c t e d  t i e b a c k .  



The NBS p i l e  c o r r o s i o n  s t u d i e s  i n d i c , n t e d  t h a t  n a t u r a l  s o i l  d e p o s i t s  a r e  
o x y g e n  d e f i c i e n t  [ 2 0 ] .  However ,  c o a r s e - g r n i n s d  s e m i a r i d  o r  a r i d  s o i l s  
l o c a t e d  i n  t h e  w e s t e r n  U n i t e d  S t a t e s  may be  p o t e n t i a l l y  c o r r o s i v e  s i n c e  
a t m o s p h e r i c  o x y g e n  may p e n e t r a t e  t o  c o n s i d e r a b l e  i e p t h s .  I h e s s  s o i l s  a r e  
a l k a l i n e  h a v i n g  l a r g e  q u a n t i t i e s  o f  s o l u b l e  s a l t s .  They c a n  b e  e a s i l y  
i d e n t i f i e d ,  s i n c e  t h e y  h a v e  h i g h  r e s i s t i v i t i e s  when d r y  ( a s  g r e a t  a s  5 0 , 0 0 0  
ohm-cm), a n d  low r e s i s t i v i t i e s  when s a t u r a t e d  ( a s  low a s  50 ohm-cm). They 
a r e  u s u a l l y  damp l e s s  t h a n  t h r e e  m o n t h s  o f  t h e  y e a r ,  t o t  when damp t h e y  
c o u l d  b e  c o r r o s i v e  s i n c e  o x y g e n ,  z n  e l e c t r o l y t e ,  a n d  a  d e p a s s i v a t o r ,  s u c h  a s  
c h l o r i d e s ,  a r e  l i k e l y  t o  b e  p r e s e n t .  

I f  t h e  g r o u n d w a t e r  o r  s o i l  pH i s  b e l o w  4 . 5 ,  t h e n  t h e  f e r r o u s  o x i d e  f i l m  
may b e  a t t a c k e d  a n d  t h e  t e n d o n  may s u f f e r  a c i d  a t t a c k .  I f  t h i s  o c c u r s ,  t h e  
c o r r o s i o n  r e a c t i o n  i s  n o t  s o l e l y  c o n t r o l l e d  by t h e  a v a i l a b i l i t y  o f  o x y g e n .  
At low p H ' s ,  p o r t l a n d  c e m e n t  may a l s o  b e  a t t a c k e d .  The amount  o f  
d e t e r i o r a t i o n  d e p e n d s  on t h e  t y p e  o f  a c i d ,  t h e  w a t e r - c e m e n t  r a t i o  o f  t h e  
g r o u t ,  t h e  g r o u t  p e r m e a b i l i t y ,  a n d  t h e  c i r c u l a t i o n  o f  t h e  c o r r o s i v e  a g e n t  
( S e e  P a g e  1 3 7 ) .  S i n c e  t h e  h i g h  pH o f  t h e  g r o u t  p r o v i d e s  t h e  i d e a l  
e n v i r o n m e n t  f o r  m a i n t a i n i n g  t h e  f e r r o u s  o x i d e  f i l m ,  w h i c h  p r o t e c t s  t h e  
s t e e l ,  t h e n  t h e  s t e e l  s h o u l d  be e n c a p s u l n t e d  i f  t h e  pH d r o p s  b e l o w  4 . 5 ,  o r  
i f  n e a r b y  b u r i e d  c o n c r e t e  s t r u c t u r e s  a r e  known t o  s u f f e r  f r o m  c h e m i c a l  
a t t a c k .  

T i e b a c k  c o r r o s i o n  f a i l u r e s  h a v e  n o t  b e e n  c a u s e d  by l o c a l  c o r r o s i o n  c e l l s  
e s t a b l i s h e d  a l o n g  t h e  a n c h o r  l e n g t h .  T h i s  c o n f i r m s  t h a t  m o s t  u n d i s t u r b e d  
s o i l s  a r e  o x y g e n  d e f i c i e n t  a n d  t h a t  t h e y  h a v e  a  pH a b o v e  4 . 5 .  

However ,  a  f l u c t u a t i n g  g r o u n d w a t e r  l e v e l  i n  low r e s i s t i v i t y  s o i l  
( r e s i s t i v i t y  l e s s  t h a n  2 , 0 0 0  ohm-cm) a r o u n d  t h e  a n c h o r  l e n g t h  may i n i t i a t e  
a n d  s u s t a i n  a  l o c a l  d i f f e r e n t i a l  a e r a t i o n  c e l l .  S i n c e  i t  i s  d i f f i c u l t  t o  
p r e d i c t  how t h e  g r o u n d w a t e r  l e v e l  w i l l  v a r y ,  t h e  p r e s t r e s s i n g  s t e e l  s h o u l d  
be  e n c a p s u l a t e d  i f  t h e  r e s i s t i v i t y  i s  l e s s  t h a n  2 , 0 0 0  ohm-cm. 

The p r e s e n c e  o f  s u l f i d e s  i n c r e a s e  t h e  r i s k  o f  s t r e s s - c o r r o s i o n  c r a c k i n g  
o r  h y d r o g e n  e m b r i t t l e m e n t .  O r g a n i c  s o i l s  c o n t a i n  h y d r o g e n  s u l f i d e ,  b u t  t h e  
a n c h o r  l e n g t h s  a r e  n o r m a l l y  n o t  i n s t a l l e d  i n  t h e s e  s o i l s ,  s i n c e  t h e y  a r e  n o t  
s u i t a b l e  f o r  d e v e l o p i n g  t i e b a c k  c a p a c i t y .  I f  s u l f i d e s  a r e  p r e s e n t  i n  t h e  
s o i l  s u r r o u n d i n g  t h e  a n c h o r  l e n g t h ,  t h e n  a  p e r m a n e n t  t i e b a c k  t e n d o n  s h o u l d  
b e  e n c a p s u l a t e d  r e g a r d l e s s  o f  s o i l  pH o r  r e s i s t i v i t y .  

Tne t e s t s  r e q u i r e d  t o  d e t e r m i n e  t h e  a g g r e s s i v e n e s s  o f  t h e  e n v i r o n m e n t  
a r e  d e s c r i b e d  o n  P a g e s  9 3  a n d  9 4 .  

B. Long-Line  C o r r o s i o n  S y s t e m  

F i g u r e  52 shows  t h e  l o n g - l i n e  c o r r o s i o n  s y s t e m  t h a t  c o u l d  p o s s i b l y  
a f f e c t  a  t i e b a c k .  A l o n g - l i n e  c o r r o s i o n  c e l l  may be  e s t a b l i s h e d  i f  t h e  
t e n d o n  i s  d e p a s s i v a t e d  w i t h i n  t h e  c r a c k e d  a n c h o r  g r o u t ,  a n d  e l e c t r i c a l l y  
c o n n e c t e d  t o  s t e e l  i n  a  s t r u c u r e .  R e i n f o r c i n g  s t e e l  o r  s t e e l  p i l e s  e x p o s e d  
t o  t h e  a t m o s p h e r e ,  e v e n  i f  e n c a s e d  i n  c o n c r s t e ,  w i l l  a c t  a s  t h e  c a t h o : ? ,  a n d  
t h e  d e p a s s i v a t e d  a r e a s  on t h e  t e n d o n  would become t h e  nnode .  The c o r r \ - i o n  
c u r r e n t  would f l o w  f rom t h e  t e n d o n ,  t h r o u g h  the s o i l  e l e c t r o l y t e  t o  t h e  
o x y g e n a t e d  c a t h o d e  a n d  b a c k  t o  t h e  t e n d o n  c o n p l e t i n g  t h e  c i r c u i t .  T h i s  
d i f f e r e n t i a l  a e r a t i o n  c e l l  would c a u s e  p i t t l n g  o f  t h e  t e n d o n .  The a t t a c k  
c o u l d  b e  s e v e r e  s i n c e  a  l a r g e  c a t h o d e  ( r e i n f o r c i n ~  s t e e l  embeJded  i n  a n  

o ~ y g e n a t e d  c o n c r e t e  w a l l )  i s  c o n n e c t e d  t o  3 s m a l l  a q o J e  ( t ~ ~ l o o  i n  c r a c k e d  



anchor  g r o u t ) .  For t h e  l o n g - l i n e  c e l l  t o  e x i s t ,  t h e  anode ( t endon)  must be 
d e p a s s i v a t e d ,  and t h e  t i e b a c k  tendon must be e l e c t r i c a l l y  connected t o  t h e  
ca thode  ( s t e e l  exposed t o  oxygen) .  

Poten . a 1  d i f f e r e n c e  1 

R e s i s t i v i t y  

i n g  s t e e l  

F igure  52. Long-line c o r r o s i o n  sys tem t h a t  cou ld  a f f e c t  a  
s imple  c o r r o s i o n  p r o t e c t e d  t i e b a c k .  

S t r a t f u l l  and Seim [ 6 0 ]  r e p o r t e d  a  l o n g - l i n e  c o r r o s i o n  sys tem a c t i n g  on 
s t e e l  p i l e s  a t  t h e  Richmond--San Rafae l  Br idge.  The s t e e l  p i l e s  were 
e l e c t r i c a l l y  coup led  t o  t h e  r e i n f o r c i n g  s t e e l  i n  t h e  c o n c r e t e  p i e r s  which 
were exposed t o  t h e  atmosphere.  Oxygen i n  t h e  p i e r s  was b e i n g  reduced on 
t h e  r e i n f o r c i n g  ( c a t h o d e )  t o  hydroxyl  i o n s ,  w h i l e  c o r r o s i o n  was o c c u r r i n g  on 
t h e  b u r i e d  s t e e l  p i l e s  ( anodes ) .  They concluded t h a t  t h i s  c o r r o s i o n  c e l l  
cou ld  have been i n t e r r u p t e d  by c u t t i n g  o f f  t h e  supp ly  o f  oxygen t o  t h e  
r e i n f o r c i n g  s t e e l  i n  t h e  p i e r s .  

To d a t e ,  no t i e b a c k  c o r r o s i o n  f a i l u r e s  have been a t t r i b u t e d  t o  l o n g - l i n e  
c o r r o s i o n  sys tems.  This  cou ld  be e x p l a i n e d  by s e v e r a l  f a c t o r s :  

1 )  The t endons  have n o t  been d e p a s s i v a t e d .  
2)  The c o r r o s i o n  c u r r e n t  i s  n o t  s t r o n g  enough t o  overcome t h e  s o i l  

r e s i s t a n c e .  
3)  Time h a s  n o t  been long  enough f o r  t h e  accumula t ive  e f f e c t  o f  t h i s  

weak c o r r o s i o n  c e l l  t o  r e s u l t  i n  f a i l u r e .  

The p o t e n t i a l  l o n g - l i n e  c o r r o s i o n  sys tem can  be e a s i l y  p reven ted  by 
e l e c t r i c a l l y  i n s u l a t i n g  a  s imple  c o r r o s i o n  p r o t e c t e d  tendon from t h e  
s t r u c t u r e ,  o r  by e n c a p s u l a t i n g  t h e  tendon. E n c a p s u l a t i o n  o r  i n s u l a t i o n  o f  
t h e  tendon w i l l  i n t e r r u p t  t h e  c o r r o s i o n  c i r c u i t .  



C .  S t r a y - C u r r e n t  C o r r o s i o n  System 

Two s t r a y - c u r r e n t  c o r r o s i o n  s y s t e m s  c o u l d  a f f e c t  a  s i m p l e  c o r r o s i o n  
p r o t e c t e d  t i e b a c k .  E x p e r i e n c e  w i t h  s t r a y - c u r r e n t  c o r r o s i o n  o f  o t h e r  b u r i e d  
s t r u c t u r e s  i n d i c a t e s  t h a t  t h e  c o r r o s i o n  mechanism shown i n  F i g u r e  53 i s  
p o t e n t i a l l y  a g g r e s s i v e .  I f  t h i s  s y s t e m  d e v e l o p s ,  d i r e c t  c u r r e n t  would e n t e r  
a  t i e d b a c k  s t r u c t u r e ,  t r a v e l  a l o n g  t h e  s t r u c t u r e ,  and d i s c h a r g e  back  t o  t h e  
s o i l  t h r o u g h  a  t i e b a c k .  C o r r o s i o n  would o c c u r  where  t h e  c u r r e n t  d i s c h a r g e d  
from t h e  t e n d o n .  I n  o r d e r  f o r  t h i s  s y s t e m  t o  e x i s t ,  t h e  t i e b a c k  t e n d o n  h a s  
t o  be e l e c t r i c a l l y  c o n n e c t e d  t o  t h e  s t r u c t u r e  and  t h e  g round .  F i g u r e  54 
shows t h e  o t h e r  s y s t e m  which t h e o r e t i c a l l y  c o u l d  d e v e l o p  i f  t h e  t e n d o n  i s  
e l e c t r i c a l l y  c o n n e c t e d  t o  t h e  ground and  a  s t r a y - c u r r e n t  e n t e r s  t h e  t e n d o n  
and  d i s c h a r g e s  b a c k  t o  t h e  s o i l  a t  a n o t h e r  p o i n t  a l o n g  t h e  t i e b a c k ' s  a n c h o r  
l e n g t h .  The c o r r o s i o n  s y s t e m  shown i n  F i g u r e  54 s h o u l d  n o t  s e r i o u s l y  a f f e c t  
a  t i e b a c k  b e c a u s e  t h e  a n c h o r  l e n g t h  i s  s h o r t  p r e v e n t i n g  t h e  p o s s i b i l i t y  o f  
s i g n i f i c a n t  p o t e n t i a l  d i f f e r e n c e s  a l o n g  i t s  l e n g t h ,  and  i t  i s  s u r r o u n d e d  by 
a  r e a s o n a b l y  good i n s u l a t o r  ( g r o u t ) .  I n  p r a c t i c e ,  t i e b a c k  c o r r o s i o n  
f a i l u r e s  have  n o t  been  a t t r i b u t e d  t o  s t r a y - c u r r e n t  c o r r o s i o n .  Both 
s t r a y - c u r r e n t  c o r r o s i o n  s y s t e m s  t h e o r t i c a l l y  c o u l d  be p r e v e n t e d  by u s i n g  
i m p r e s s e d  c a t h o d i c  p r o t e c t i o n  ( S e e  Page 8 9 ) ,  o r  e n c a p s u l a t i o n  ( S e e  Page 7 1 ) ,  
o r  bond ing .  Impres sed  c a t h o d i c  p r o t e c t i o n  would p r e v e n t  c o r r o s i o n  c u r r e n t  
f rom b e i n g  d i s c h a r g e d  from t h e  t e n d o n .  E n c a p s u l a t i o n  would i n t e r r u p t  t h e  
c o r r o s i o n  c i r c u i t .  Bonding would p r o v i d e  a  m e t a l l i c  p a t h  f o r  t h e  c u r r e n t  t o  
r e t u r n  t o  t h e  n e g a t i v e  b a r  o f  t h e  c o r r e n t  s o u r c e  i n s t e a d  o f  d i s c h a r g i n g  
t h r o u g h  t h e  t i e b a c k .  E l e c t r i c a l l y  i n s u l a t i n g  t h e  t i e b a c k  from t h e  s t r u c t u r e  
i t  s u p p o r t s  would i n t e r r u p t  t h e  c o r r o s i o n  s y s t e m  where  t h e  c o r r o s i o n  c u r r e n t  
t r a v e l s  a l o n g  t h e  s t r u c t u r e  and t h e n  d i s c h a r g e s  back  t o  t h e  s o i l  t h r o u g h  a  
t i e b a c k .  
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F i g u r e  53. Most f e a s i b l e  s t r a y - c u r r e n t  c o r r o s i o n  s y s t e m  t h a t  c o u l d  
a f f e c t  a  s i m p l e  c o r r o s i o n  p r o t e c t e d  t i e b a c k .  



Overhead e l e c t r i c  

Track 
C .  Power 

Source 

Grease f i l l e d  s h e a t h  
< 

Figure  54 .  T h e o r e t i c a l l y  p o s s i b l e  s t r a y - c u r r e n t  c o r r o s i o n  system t h a t  could  
a f f e c t  a  s imple  c o r r o s i o n  p r o t e c t e d  t i e b a c k .  

POTENTIAL CORROSION MECHANISMS AFFECTING THE UNBONDED LENGTH AND ANCHOR HEAD 

The unbonded l e n g t h  and anchor  head o f  a  t i e b a c k  i s  exposed t o  a  v a r i e t y  
o f  c o r r o s i v e  environments .  A l l  o f  t h e  known c o r r o s i o n  f a i l u r e s  have 
occur red  i n  t h e  unbonded l e n g t h ,  and most o f  them occur red  n e a r  t h e  anchor  
head. The c o r r o s i o n  performance o f  t i e b a c k s  i n d i c a t e s  t h a t ,  t h e  unbonded 
l e n g t h ,  and t h e  anchor  head o f  permanent t i e b a c k s  shou ld  be c a r e f u l l y  
p r o t e c t e d .  

The unbonded l e n g t h  o f  temporary t i e b a c k s  normal ly  w i l l  n o t  r e q u i r e  any 
p r o t e c t i o n  (See  F i g u r e  41) .  T h e i r  unbonded l e n g t h  should  be p r o t e c t e d  i f  
t h e  s e r v i c e  l i f e  i s  more than  12 months,  and t h e  tendon i s  exposed t o :  

1 )  A f l u x u a t i n g  s a l t  w a t e r  l e v e l .  
2) S o i l s  w i t h  a  pH l e s s  t h a n  4.5 ( s l a g ,  a c i d  mine was tes  and 

i n d u s t r i a l  w a s t e s ) .  
3)  S o i l s  c o n t a i n i n g  l a r g e  amounts o f  H2S ( o r g a n i c  f i l l s  and n a t u r a l  

s o i l  d e p o s i t s ) .  

The t e s t s  r e q u i r e d  t o  de te rmine  t h e  a g g r e s s i v e n e s s  o f  t h e  environment  a r e  
d e s c r i b e d  on Pages 9 3  and 94.  Temporary t i e b a c k  p r o t e c t i o n  i s  d e s c r i b e d  on 
Page 95.  



EVALUATION OF POTENTIAL T I E B A C K  CORROSION PROTECTION METHODS 

Various c o r r o s i o n  p r o t e c t i o n  methods were e v a l u a t e d  t o  d e t e r m i n e  i f  they  
shou ld  be recommended f o r  p r o t e c t i n g  t i e b a c k  tendons .  

A. M e t a l l i c  Coa t ings  

I n  t h e  p a s t ,  p r e s t r e s s i n g  s t e e l s  were ga lvan ized  i n  a n  a t t e m p t  t o  
improve t h e i r  c o r r o s i o n  r e s i s t a n c e .  Today, p r e s t r e s s i n g  s t e e l s  a r e  n o t  
g a l v a n i z e d  because:  

1 )  They may c o n t a c t  ba re  s t e e l  and cause  a  d i s s i m i l a r  m e t a l  c o r r o s i o n  
sys tem t o  deve lop .  

2 )  Zinc c o a t i n g s  a r e  s a c r i f i c i a l  and a tomic  hydrogen i s  evolved a s  t h e  
g a l v a n i z i n g  i s  consumed. Atomic hydrogen could  cause  hydrogen 
e m b r i t t l e m e n t  of t h e  tendon. 

3 )  Galvan iz ing  o n l y  p rov ides  p r o t e c t i o n  u n t i l  i t  i s  consumed [ 1 6 ] .  

Ga lvan iz ing  o r  cadmium p l a t i n g ,  a  s i m i l a r  s a c r i f i c i a l  c o a t i n g ,  should  n o t  be 
used f o r  t h e  p r o t e c t i o n  of t i e b a c k  t endons .  

B. Nonmetalic Coat ings  

C o a l - t a r s ,  v i n y l s ,  e p o x i e s ,  u r e t h a n e s ,  and o t h e r  c o a t i n g  m a t e r i a l s  have 
been e v a l u a t e d  t o  de te rmine  whether  o r  n o t  they  could  be used t o  p r o t e c t  
r e i n f o r c i n g  b a r s  i n  b r i d g e  decks  [ 6 1 ] .  The t e s t s  showed t h a t  o n l y  
e l e c t r o s t a t i c a l l y  a p p l i e d  e p o x i e s  (powdered e p o x i e s )  had adequa te  bond 
s t r e n g t h s ,  c r e e p  c h a r a c t e r i s t i c s ,  and f l e x i b i l i t y .  Powdered e p o x i e s  may be 
damaged d u r i n g  h a n d l i n g ,  and i t  i s  i m p r a c t i c a l  t o  expec t  a  h o l i d a y - f r e e  
c o a t i n g .  Small  h o l i d a y s  do n o t  impa i r  t h e  performance o f  normal r e i n f o r c i n g  
b u t ,  they  may i m p a i r  t h e  performance of  coa ted  p r e s t r e s s i n g  s t e e l s  i f  a  
l o n g - l i n e  o r  s t r a y - c u r r e n t  c o r r o s i o n  sys tem deve lops .  Then, t h e  c o r r o s i o n  
a t t a c k  would be c o n c e n t r a t e d  a t  t h e  h o l i d a y s  i n c r e a s i n g  t h e  l i k e l i h o o d  o f  
p i t t i n g .  

I n s u l a t i n g  c o a t e d  t i e b a c k  tendons  from t h e  s t r u c t u r e  would i n t e r r u p t  any  
l o n g - l i n e  c o r r o s i o n  sys tem,  and t h e  s t r a y - c u r r e n t  c o r r o s i o n  sys tem where t h e  
c o r r o s i o n  c u r r e n t  t r a v e l s  a l o n g  t h e  s t r u c t u r e  and d i s c h a r g e s  back t o  t h e  
s o i l  th rough  a  t i e b a c k .  Coat ing i n s u l a t e d  t i e b a c k  tendons  would p r a c t i c a l l y  
p reven t  any l o c a l  c o r r o s i o n  sys tem,  and should  a l s o  e l i m i n a t e  any  
s t r a y - c u r r e n t  c o r r o s i o n  sys tem where t h e  c o r r o s i o n  c u r r e n t  e n t e r s  t h e  tendon 
and d i s c h a r g e s  back t o  t h e  s o i l  a t  a n o t h e r  p o i n t  a l o n g  t h e  same tendon.  For 
a l o c a l  c o r r o s i o n  sys tem t o  deve lop  on a  coa ted  t endon ,  t h e  anchor  g r o u t  
must be c racked  a t  a  c o a t i n g  h o l i d a y ,  t h e  tendon must be d e p a s s i v a t e d  a t  t h e  
h o l i d a y ,  and oxygen and a n  e l e c t r o l y t e  must be p r e s e n t  i n  t h e  s o i l .  I n  
a d d i t i o n ,  t h e  c o r r o s i o n  c u r r e n t  and t h e  anode c o r r o s i o n  c u r r e n t  d e n s i t y  
would be v e r y  s m a l l  i f  a  l o c a l  c o r r o s i o n  c e l l  developed on a  coa ted  tendon 
s i n c e  t h e  anode and t h e  ca thode  would be e s t a b l i s h e d  on t h e  same h o l i d a y .  
Coat ings  have been s u c c e s s f u l l y  used t o  p reven t  hydrogen b l i s t e r i n g  of 
s t o r a g e  c o n t a i n e r s ,  and a c o a t i n g  impervious  t o  hydrogen shou ld  a l s o  p r o t e c t  
a  t i e b a c k  from hydrogen e m b r i t t l e m e n t .  

A t  t h i s  t ime ,  c o a t i n g s  have o n l y  been a p p l i e d  t o  b a r  t endons .  Coated,  
deformed b a r  t endons  deve lop  h i g h  mechanical  bond s t r e n g t h s ,  and b e f o r e  



u s i n g  powdered epoxy coa ted  b a r s  i n  a g g r e s s i v e  environments  p u l l o u t  t e s t s  
need t o  be performed t o  e v a l u a t e  whether o r  n o t  powdered epoxied 
p r e s t r e s s i n g  b a r s  can  w i t h s t a n d  a b r a s i o n  r e s u l t i n g  from r e l a t i v e  mot ion 
between c racked  g r o u t  and t h e  tendon.  

C. E s t i m a t i o n  of Metal  Loss 

E s t i m a t i o n  of  c o r r o s i o n  caused m e t a l  l o s s  i s  commonly used t o  s i z e  many 
bur ied  s t e e l  s t r u c t u r e s .  These s t r u c t u r e s  a r e  n o t  d e s t r o y e d  by p i t t i n g  
c o r r o s i o n .  The assumpt ion  i s  t h a t  uni form s u r f a c e  c o r r o s i o n  i s  o c c u r r i n g  on 
t h e  m e t a l ,  and i t s  c r o s s - s e c t i o n a l  a r e a  i s  i n c r e a s e d  t o  a l l o w  f o r  t h e  m e t a l  
l o s s .  When a  s t r u c t u r e  i s  s e n s i t i v e  t o  p i t t i n g ,  i . e . ,  p i p e  l i n e s  and 
p r e s t r e s s i n g  s t e e l ;  a  s m a l l  amount of  c o r r o s i o n  could  cause  f a i l u r e .  

D. Admixtures 

Using a d m i x t u r e s  t o  p r e v e n t  c o r r o s i o n  i s  d e s i r a b l e  because t h e y  would be 
s imple  t o  u s e .  Calcium n i t r i t e  h a s  been used a s  a  c o r r o s i o n  i n h i b i t o r  i n  
r e i n f o r c e d  c o n c r e t e s  exposed t o  c h l o r i d e s ,  bu t  i t  h a s  n o t  been used t o  
i n h i b i t  c o r r o s i o n  of  p r e s t r e s s i n g  s t e e l s .  

More r e s e a r c h  i s  r e q u i r e d  i n  o r d e r  t o  de te rmine  whether  o r  n o t  
admix tu res  can be e f f e c t i v e  i n  p r e v e n t i n g  p r e s t r e s s i n g  s t e e l  c o r r o s i o n .  
Even i f  o t h e r  a d m i x t u r e s  a r e  developed f o r  r e i n f o r c e d  c o n c r e t e ,  t h e y  must be 
e v a l u a t e d  t o  d e t e r m i n e  i f  they  can  p r o t e c t  p r e s t r e s s i n g  s t e e l s  from p i t t i n g  
and e m b r i t t l e m e n t  c o r r o s i o n .  

E .  Impressed Ca thod ic  P r o t e c t i o n  

Impressed c a t h o d i c  p r o t e c t i o n  sys tems a r e  used t o  p r o t e c t  b u r i e d  s t e e l  
p i l e s  and p i p e  l i n e s .  These sys tems u s e  a n  e x t e r n a l  power s o u r c e  t o  a p p l y  a  
d i r e c t  c u r r e n t  i n  t h e  p roper  d i r e c t i o n  s o  t h a t  c o r r o d i n g  anodes  a r e  
p reven ted  from d i s c h a r g i n g  m e t a l l i c  c a t i o n s .  Impressed c u r r e n t  sys tems must 
be c o n s t a n t l y  main ta ined  i n  o r d e r  t o  f u n c t i o n  p r o p e r l y .  Atomic hydrogen may 
be invo lved  a t  c a t h o d i c  s i t e s  on t h e  m e t a l  be ing  p r o t e c t e d ,  i n  t h i s  c a s e  t h e  
tendon,  i f  t h e  sys tem i s  n o t  m a i n t a i n e d .  Atomic hydrogen cou ld  c a u s e  
hydrogen e m b r i t t l e m e n t ,  p a r t i c u l a r l y  i n  t h e  p resence  of  s u l f i d e s .  A t  t h i s  
t i m e ,  p o t e n t i a l  e v o l u t i o n  of  hydrogen,  and t h e  need f o r  c o n s t a n t  maintenance 
make impressed c a t h o d i c  p r o t e c t i o n  sys tems u n d e s i r a b l e  f o r  t i e b a c k  tendon 
p r o t e c t i o n .  I n  t h e  f u t u r e ,  impressed c a t h o d i c  p r o t e c t i o n  sys tems  may u s e  
a u t o m a t i c  m o n i t o r i n g  and c o n t r o l  u n i t s  which could  a d j u s t  t h e  a p p l i e d  
v o l t a g e  t o  e a c h  t i e b a c k  and make impressed c u r r e n t  sys tems s a f e  f o r  u s e  w i t h  
t i e b a c k s .  

F. S a c r i f i c i a l  Anode Cathodic  P r o t e c t i o n  Systems 

S a c r i f i c i a l  anode c a t h o d i c  p r o t e c t i o n  sys tems a r e  a l s o  used t o  p r o t e c t  
bur ied  s t r u c t u r e s .  I n  t h e s e  sys tems ,  a n  a n o d i c  meta l  e l e c t r o d e  i s  
e l e c t r i c a l l y  connec ted  t o  t h e  m e t a l  t o  be p r o t e c t e d .  The e l e c t r o d e  i s  
h i g h e r  on t h e  e l e c t r o m o t i v e  s e r i e s  t h a n  t h e  p r o t e c t e d  m e t a l .  Z4nc and 
magnesium a r e  t h e  most common s a c r i f i c i a l  anodes  used w i t h  s t e e l  i n  
c o n c r e t e .  A d i s s i m i l a r  m e t a l  c e l l  i s  e s t a b l i s h e d  when z i n c  o r  magnesium i s  
connected t o  a  s t e e l  tendon. The z i n c  o r  magnesium anode c o r r o d e  w h i l e  t h e  
ca thode  i s  p r o t e c t e d .  



S a c r i f i c i a l  anodes  could  be used t o  p r o t e c t  e l e c t r i c a l l y  i n s u l a t e d ,  
s imple  c o r r o s i o n  p r o t e c t e d  p r e s t r e s i n g  s t e e l  a l o n g  t h e  anchor  zone.  A z i n c  
anode would be t h e  s a f e s t  anode f o r  t h i s  purpose s i n c e  t h e  d r i v i n g  p o t e n t i a l  
between i t  and s t e e l  i s  r e l a t i v e l y  low. A magnesium anode would have a  
h i g h e r  d r i v i n g  p o t e n t i a l  which i n c r e a s e s  t h e  p o s s i b i l i t y  o f  e v o l v i n g  
hydrogen atoms on t h e  s u r f a c e  of  t h e  s t e e l .  Hydrogen e m b r i t t l e m e n t  cou ld  
r e s u l t  i f  hydrogen atoms a r e  produced by o v e r p r o t e c t i n g  t h e  tendons  and 
s u l f i d e s  a r e  p r e s e n t .  

The c o r r o s i o n  performance of  t i e b a c k s  h a s  n o t  i n d i c a t e d  t h a t  a  
s a c r i f i c i a l  anode c a t h o d i c  p r o t e c t i o n  i s  r e q u i r e d .  I n s u l a t e d ,  s i m p l e  
c o r r o s i o n  p r o t e c t e d  t i e b a c k s  (See F igure  55)  w i t h  s a c r i f i c i a l  anodes  could  
be moni tored t o  de te rmine  whether  o r  n o t  they  could  r e s i s t  a t t a c k  i n  low 
r e s i s t i v i t y  s o i l s .  The moni to r ing  p rocedures  and equipment a r e  d e s c r i b e d  on 
Pages 97 -- 101. 

G. Tapes,  J a c k e t s ,  and Heat S h r i n k a b l e  S l e e v e s  

Bur ied m e t a l  s t r u c t u r e s  u s e  coa ted  o r  impregnated t a p e s ,  t i g h t l y  
ex t ruded  j a c k e t s ,  and a d h e s i v e  l i n e d  h e a t  s h r i n k a b l e  s l e e v e s  f o r  c o r r o s i o n  
p r o t e c t i o n .  Some of  t h e s e  p r o d u c t s  a r e  p r o p r i e t a r y .  These m a t e r i a l s  a r e  
s e m i r i g i d ,  and t h e y  can w i t h s t a n d  a  r e a s o n a b l e  amount of  impact and a b r a s i o n  
w i t h o u t  damage. Tapes,  j a c k e t s ,  o r  h e a t  s h r i n k a b l e  s l e e v e s  w i t h  a  Buna 
rubber  s e a l a n t  a r e  des igned  f o r  b u r i e d  a p p l i c a t i o n s .  They can  be used t o  
p r o t e c t  t h e  unbonded l e n g t h  o f  a  t i e b a c k  tendon. 

H. Corros ion  I n h i b i t i n g  Greases 

Cor ros ion  i n h i b i t i n g  g r e a s e s  have been used t o  p r o t e c t  unbonded 
p r e s t r e s s i n g  s t e e l .  The m a j o r i t y  o f  t h e  tendons used i n  r e a c t o r  conta inment  
v e s s e l s  a r e  p r o t e c t e d  w i t h  t h e s e  g r e a s e s .  The g r e a s e s  a r e  o r g a n i c ,  
petrolatum-based compounds. They a r e  fo rmula ted  t o  bond t o  s t e e l ,  d i s p l a c e  
w a t e r ,  be  s e l f - h e a l i n g ,  t h i x o t r o p i c ,  and have a  h i g h  r e s e r v e  a l k a l i n i t y .  
Corros ion i n h i b i t i n g  g r e a s e s  a r e  used i n s i d e  t h e  s h e a t h s ,  t rumpe ts ,  and 
anchorage c o v e r s  of permanent t i e b a c k s .  They have provided e x c e l l e n t  
p r o t e c t i o n  f o r  t h e  unbonded l e n g t h  and anchor  head.  

I. E l e c t r i c a l  I n s u l a t i o n  

I n s u l a t e d  f l a n g e s  a r e  used t o  i n t e r r u p t  s t r a y - c u r r e n t  and l o n g - l i n e  
c o r r o s i o n  sys tems t h a t  might a f f e c t  b u r i e d  p i p e l i n e s .  Tiebacks shou ld  be 
i n s u l a t e d  from t h e  s t r u c t u r e s  t h e y  s u p p o r t .  Simple c o r r o s i o n  p r o t e c t e d  
t i e b a c k s  w i l l  r e q u i r e  e l e c t r i c a l  i n s u l a t i o n  between t h e  anchor  head and t h e  
s t r u c t u r e  t o  i n s u l a t e  them from t h e  s t r u c t u r e .  P l a s t i c  o r  s t e e l  
e n c a p s u l a t i o n  o f  t h e  e n t i r e  p r e s t r e s s i n g  s t e e l  ( F i g u r e s  45,  46,  and 47) w i l l  
a l s o  i n t e r r u p t  t h e  s t r a y - c u r r e n t  o r  l o n g - l i n e  c o r r o s i o n  sys tems.  

J. Cement Cover 

P o r t l a n d  cement e n c a p s u l a t i o n  i s  a  common method of p r o t e c t i n g  
p r e s t r e s s i n g  s t e e l s  from c o r r o s i o n .  A d e t a i l e d  d i s c u s s i o n  of  t h e  c o r r o s i o n  
p r o t e c t i o n  q u a l i t i e s  of  cement i s  c o n t a i n e d  on Pages 57--61. B r i e f l y ,  
hydra ted  cement p r o v i d e s  a  h i g h  pH environment ,  normal ly  g r e a t e r  t h a n  12 .5 .  
S t e e l  surrounded by a n  a l k a l i n e  environment w i t h  a  pH g r e a t e r  t h a n  9.5 w i l l  

be p r o t e c t e d  by a  p a s s i v e  f i l m .  Aggress ive  a n i o n s ,  p a r t i c u l a r l y  c h l o r i d e s ,  



o r  c a r b o n a t i o n  c a n  l o c a l l y  d e s t r o y  t h e  p a s s i v e  f i l m .  D e p a s s i v a t e d  s t e e l  
w i l l  c o r r o d e  i n  t h e  p r e s e n c e  o f  oxygen and m o i s t u r e .  Hydrogen s u l f i d e  h a s  
c a u s e d  b r i t t l e  f a i l u r e s  o f  p r e s t r e s s i n g  s t e e l s  su r rounded  by c r a c k e d  cement  
g r o u t  o r  permeable  c o n c r e t e  o r  g r o u t .  

Grou t  p r o t e c t e d  t i e b a c k s  have  n o t  f a i l e d  due  t o  c o r r o s i o n  b u t  t h e r e  i s  
s t i l l  some q u e s t i o n  a s  t o  w h e t h e r  o r  n o t  cement  g r o u t  w i l l  p r o v i d e  a d e q u a t e  
p r o t e c t i o n  f o r  a  s e r v i c e  l i f e  o f  5 0  o r  1 0 0  y e a r s .  I n  n o n a g g r e s s i v e  
e n v i r o n m e n t s  ( p ~  g r e a t e r  t h a n  4 .5 ,  r e s i s t i v i t y  g r e a t e r  t h a n  2 ,000  ohm-cm, 
and  v e r y  low s u l f i d e  c o n t e n t )  cement g r o u t  i s  s u i t a b l e  f o r  c o r r o s i o n  
p r o t e c t i o n  a l o n g  t h e  a n c h o r  l e n g t h  u n l e s s  o t h e r  b u r i e d  c o n c r e t e  s t r u c t u r e s  
a r e  d e t e r i o r a t i n g  a s  a  r e s u l t  o f  c h e m i c a l  a t t a c k .  A pH g r e a t e r  t h a n  4.5 
w i l l  a s s u r e  t h a t  t h e  t e n d o n  w i l l  n o t  be  s u b j e c t e d  t o  a c i d  a t t a c k .  A 
r e s i s t i v i t y  g r e a t e r  t h a n  2 , 0 0 0  ohm-cm i n d i c a t e s  t h a t  t h e r e  a r e  r e l a t i v e l y  
few a g g r e s s i v e  a n i o n s ,  p a r t i c u l a r l y  c h l o r i d e s ,  i n  t h e  s o i l  e l e c t r o l y t e ,  and  
t h e  e l e c t r o l y t e  i s  a  poo r  c o n d u c t o r .  A v e r y  low s u l f i d e  c o n t e n t  i n d i c a t e s  
t h a t  hydrogen  s u l f i d e  i s  n o t  p r e s e n t  i n  t h e  s o i l .  The r o l e  s u l f i d e s  p l a y  i n  
t h e  c o r r o s i o n  o f  p r e s t r e s s i n g  s t e e l s  i s  n o t  c o m p l e t e l y  u n d e r s t o o d  and t h e  
s u l f i d e  c o n t e n t  below which  c o r r o s i o n  w i l l  n o t  o c c u r  h a s  n o t  been  
d e t e r m i n e d .  I f  t h e  s u l f i d e  t e s t  on  Page 94  i n d i c a t e s  t h e  p r e s e n c e  o f  
s u l f i d e ,  e n c a p s u l a t e d  t i e b a c k s  s h o u l d  be u s e d .  

I n  c o n c l u s i o n ,  p o r t l a n d  cement  g r o u t  may be  used  f o r  t h e  p r o t e c t i o n  o f  
t h e  a n c h o r  l e n g t h  o f  a  permanent  t i e b a c k  i f :  

1 )  The t e n d o n  i s  e l e c t r i c a l l y  i n s u l a t e d  from t h e  s t r u c t u r e .  
2 )  The a n c h o r  l e n g t h  i s  i n  oxygen d e f i c i e n t  ground ( u n d i s t u r b e d  

n a t u r a l  s o i l s ,  r o c k s ,  o r  f i l l s  below t h e  w a t e r  t a b l e ) .  
3)  The pH o f  t h e  ground i s  g r e a t e r  t h a n  4 .5 .  ( 1 f  o t h e r  b u r i e d  

c o n c r e t e  s t r u c t u r e s  i n  t h e  v i c i n i t y  a r e  e x p e r i e n c i n g  c h e m i c a l  
a t t a c k ,  t h e n  t h e  t endon  s h o u l d  be e n c a p s u l a t e d  r e g a r d l e s s  o f  p ~ . ) .  

4 )  The r e s i s t i v i t y  o f  t h e  s o i l  i s  g r e a t e r  t h a n  2000 ohm-cm. 
5) The s u l f i d e  t e s t  d e s c r i b e d  on  Page 94  i n d i c a t e s  s u l f i d e s  a r e  n o t  

p r e s e n t  i n  t h e  s o i l  s u r r o u n d i n g  t h e  a n c h o r  l e n g t h .  

P r e s t r e s s i n g  s t e e l s  a r e  p r o t e c t e d  by e n c a p s u l a t i n g  t h e  t e n d o n  i n s i d e  a  
g r o u t  f i l l e d  s t e e l  o r  p l a s t i c  d u c t .  In  t h e  Uni ted  S t a t e s ,  g a l v a n i z e d  d u c t s  
a r e  f r e q u e n t l y  u s e d ,  and  d i s s i m i l a r  m e t a l  c o r r o s i o n  c e l l s  have  n o t  d e v e l o p e d  
be tween t h e  t e n d o n  and  t h e  d u c t .  

A p l a s t i c  o r  m e t a l  t u b e  c a n  be u sed  t o  e n c a p s u l a t e  a  t i e b a c k  t e n d o n  
s i n c e  i t  a c t s  a s  a  b a r r i e r  p r e v e n t i n g :  

1 )  The t e n d o n  from b e i n g  d e p a s s i v a t e d .  
2)  S u l f i d e s  from r e a c h i n g  t h e  t e n d o n .  
3 )  Oxygen from r e a c h i n g  t h e  t e n d o n  and c r e a t i n g  o r  m a i n t a i n i n g  a  l o c a l  

c o r r o s i o n  s y s t e m  i n  low r e s i s t i v i t y  (2000 ohm-cm) s o i l s .  
4 )  Acid a t t a c k  o f  t h e  t e n d o n  i n  low pH e n v i r o n m e n t s .  
5 )  Long- l ine  and s t r a y - c u r r e n t  c o r r o s i o n  sys t ems .  

The c a p s u l e  s h o u l d  be c a p a b l e  o f  w i t h s t a n d i n g  damage d u r i n g  s h i p m e n t ,  
s t o r a g e ,  and i n s t a l l a t i o n .  It a l s o  must  be c a p a b l e  o f  t r a n s m i t t i n g  bond 
s t r e s s e s  from t h e  g r o u t  s u r r o u n d i n g  t h e  t e n d o n  t o  t h e  a n c h o r  g r o u t .  



L. New Tendon M a t e r i a l s  

S t a i n l e s s  s t e e l s ,  and carbon o r  g l a s s  f i b e r s  a r e  known t o  be  r e s i s t a n t  
t o  c o r r o s i o n .  S t a i n l e s s  p r e s t r e s s i n g  s t e e l s  a r e  n o t  commercial ly 
a v a i l a b l e .  It i s  n o t  l i k e l y  t h a t  they  w i l l  be developed soon because  t h e y  
would be expens ive  and s u s c e p t i b l e  t o  b r i t t l e  c o r r o s i o n  a t  h i g h  s t r e s s e s .  
Carbon o r  g l a s s  f i b e r s  have been developed w i t h  h igh u l t i m a t e  t e n s i l e  
s t r e n g t h s .  It i s  p o s s i b l e  t h a t  s y n t h e t i c  tendon m a t e r i a l  may be developed 
i n  t h e  f u t u r e ,  b u t  i t  i s  u n l i k e l y  t h a t  s t r e s s - r e l i e v e d  p r e s t r e s s i n g  s t e e l s  
w i l l  be r e p l a c e d  i n  t h e  n e a r  f u t u r e .  

RE COMMENDATIONS FOR TIEBACK CORROSION PROTECTION 

I f  e n c a p s u l a t e d  o r  compress ion tube  t i e b a c k s  cou ld  be i n s t a l l e d  f o r  
about  t h e  c o s t  o f  a  s imple  c o r r o s i o n  p r o t e c t e d  t i e b a c k ,  then  i t  would be 
l o g i c a l  t o  recommend t h e s e  p r o t e c t i o n s  f o r  a l l  a p p l i c a t i o n s .  However, t h e s e  
p r o t e c t i o n s  a r e  s i g n i f i c a n t l y  more expens ive  than  g r o u t  p r o t e c t i o n  o f  t h e  
anchor  l e n g t h .  The m a t e r i a l  f o r  a n  e n c a p s u l a t e d  o r  compression tube  t i e b a c k  
adds  between $200.00 and $500.00 (1981 d o l l a r s )  t o  t h e  c o s t  o f  a  t i e b a c k .  
These e x t r a  c o s t s  a r e  t y p i c a l  o v e r  a  wide range o f  l o a d s  and t i e b a c k  
l e n g t h s .  In  a d d i t i o n ,  t h e  i n s t a l l a t i o n  c o s t s  f o r  t h e s e  t i e b a c k s  may be two 
o r  t h r e e  t imes  t h a t  o f  a  g r o u t  p r o t e c t e d  one. Encapsu la t ion  o r  compress ion 
t u b e s  i n c r e a s e  t h e  d i a m e t e r  o f  t h e  tendon,  and l a r g e r  tendons  a f f e c t  t h e  
d r i l l  h o l e  d i a m e t e r  and may p r e c l u d e  economical  i n s t a l l a t i o n  methods. 

For example,  a  3  i n c h  (76 mm) d r i v e n  c a s i n g  can  be used t o  i n s t a l l  b a r e  
s t r a n d s  and c o a t e d  b a r  tendons  i n  c o h e s i o n l e s s  s o i l s .  The i n s i d e  d i a m e t e r  
o f  t h e  c a s i n g  i s  abou t  2 i n c h e s  (50.8  mm). Encapsula ted  o r  compress ion t u b e  
t i e b a c k s  r e q u i r e  4.5 o r  5  i n c h  (114.3 o r  127 mm) c a s i n g .  Casing i n  t h e s e  
d i a m e t e r s  must be r o t a r y  d r i l l e d  s i n c e  they  cannot  be d r i v e n  t o  t h e  
necessa ry  d e p t h s .  Rotary d r i l l e d  t i e b a c k s  a r e  g rou ted  u s i n g  d i f f e r e n t  
t e c h n i q u e s  t h a n  t h o s e  used f o r  d r i v e n  c a s i n g .  These g r o u t  methods i n c r e a s e  
t h e  c o s t  o f  t h e  t i e b a c k  and t h e  l e n g t h  r e q u i r e d  t o  deve lop  t h e  d e s i r e d  
c a p a c i t y .  Schnabel Foundation Company f i n d s  t h a t  r o t a r y  d r i l l i n g  o f t e n  
doub les  t h e  c o s t  o f  a  180 k i p  (801 kN) t i e b a c k  i n  sand.  

The c o s t  o f  a  t i e b a c k  i n  r o c k  i s  a l s o  a f f e c t e d  by t h e  d i a m e t e r  o f  t h e  
d r i l l  h o l e .  Medium s i z e  a i r  t r a c k s  a r e  c a p a b l e  o f  d r i l l i n g  h o l e s  up t o  4  
i n c h e s  (101.6 mm) i n  d iamete r .  I f  t h e  c o r r o s i o n  p r o t e c t i o n  sys tem r e q u i r e s  
a  l a r g e r  h o l e ,  more expens ive  d r i l l i n g  equipment o r  d i f f e r e n t  methods a r e  
r e q u i r e d .  Holes between 4 and 5  i n c h e s  (101.6 and 127 mm) i n  d i a m e t e r  c a n  
b e  d r i l l e d  w i t h  a  l a r g e  a i r  t r a c k .  These h o l e s  c o s t  about  40 p e r c e n t  more 
p e r  f o o t  o f  d e p t h  t h a n  a  s m a l l e r  one.  Down-the-hole-hammers a r e  r e q u i r e d  t o  
d r i l l  h o l e s  l a r g e r  t h a n  5 i n c h e s  (127 mm) i n  d i a m e t e r .  The hammer i s  
mounted on a  r o t a r y  d r i l l  which i s  2  t o  3  t imes  a s  expens ive  a s  a  medium 
s i z e d  a i r  t r a c k ,  and t h e i r  p e n e t r a t i o n  r a t e  i s  about  1 / 2  t o  1 / 3  a s  f a s t  a s  
a n  a i r  t r a c k  f o r  h o l e s  l e s s  than  100 f e e t  (30.5 m) long.  

Th i s  c o s t  comparison between i n s t a l l a t i o n  methods, h o l e  s i z e s ,  and 
p r o t e c t i o n  m a t e r i a l s  i s  provided t o  i l l u s t r a t e  how t h e  c o r r o s i o n  p r o t e c t i o n  
sys tem c a n  a f f e c t  t h e  c o s t  o f  a  t i e b a c k .  Cement g r o u t  c a n  p r o t e c t  t i e b a c k  
tendons  i n  c e r t a i n  environments ,  w h i l e  e n c a p s u l a t i o n  o r  compress ion t u b e s  



a r e  n e c e s s a r y  i n  a g g r e s s i v e  environments .  The f o l l o w i n g  recommendations 
pe rmi t  t h e  most economical  c o r r o s i o n  p r o t e c t i o n  t o  be used wi thou t  
compromising t h e  p r o t e c t i o n  of  t h e  tendon.  

The t y p e  of  c o r r o s i o n  p r o t e c t i o n  chosen f o r  a  p a r t i c u l a r  p r o j e c t  w i l l  
depend upon t h e :  

1 )  Aggress iveness  of t h e  environment .  
2 )  R e l a t i v e  c o s t s  of t h e  v a r i o u s  p r o t e c t i o n  sys tems .  
3 )  Tendon t y p e .  
4 )  I n s t a l l a t i o n  methods.  
5 )  R i sk  a s s o c i a t e d  w i t h  a  t i e b a c k  f a i l u r e .  
6 )  C o n t r a c t o r s '  p a t e n t s .  

A .  S o i l  T e s t s  and F i e l d  Observa t ions  

S o i l  t e s t s  and f i e l d  o b s e r v a t i o n s  a r e  used t o  c l a s s i f y  t h e  a g g r e s s i v i t y  
of t h e  environment .  S o i l  a g g r e s s i v i t y  i s  i n f l u e n c e d  by: 

1 )  The r e s i s t i v i t y  of  t h e  s o i l .  
2 )  The pH of  t h e  s o i l .  
3 )  The chemica l  compos i t ion  o f  t h e  groundwater and t h e  s o i l .  
4 )  The w a t e r  and a i r  p e r m e a b i l i t y  o f  t h e  s o i l .  
5 )  The groundwater  e l e v a t i o n  ( s t a b l e  o r  f l u c t u a t i n g ) .  
6 )  E x t e r n a l  e l e c t r o c h e m i c a l  and p h y s i c a l  f a c t o r s  ( l o n g - l i n e  and 

s t r a y - c u r r e n t  c o r r o s i o n  s y s t e m s ) .  

The f o l l o w i n g  t e s t s  and o b s e r v a t i o n s  shou ld  be made t o  e v a l u a t e  t h e s e  
f a c t o r s ,  and p r o v i d e  i n f o r m a t i o n  f o r  e s t i m a t i n g  t h e  c o r r o s i v i t y  of t h e  
ground. 

S o i l  R e s i s t i v i t y  

The e l e c t r i c a l  r e s i s t i v i t y  of t h e  s o i l  i s  t h e  s i m p l i s t  method of  
e s t i m a t i n g  i t s  c o r r o s i v i t y .  S o i l  r e s i s t i v i t y  depends  on t h e  n a t u r e  and 
q u a n t i t y  o f  d i s s o l v e d  s a l t s  i n  t h e  s o i l  and i t s  m o i s t u r e  c o n t e n t .  S o i l  
r e s i s t i v i t y  c a n  be measured i n  t h e  l a b o r a t o r y  o r  t h e  f i e l d .  ASTM 57-78, 
S tandard  Method f o r  F i e l d  Measurement of  S o i l  R e s i s t i v i t y  Using The Wenner 
Four-Elect rode Method, d e s c r i b e s  t h e  t e s t .  

F i e l d  r e s i s t i v i t y  measurements a r e  made on f r e s h  b o r i n g  samples  
immediate ly  a f t e r  removal from t h e  sampl ing d e v i c e .  Labora to ry  measurements 
a r e  made o n  samples  which were s e a l e d  i n  a i r  t i g h t  c o n t a i n e r s  f o r  shipment 
and s t o r a g e .  The samples  shou ld  be t a k e n  from t h e  d i f f e r e n t  s t r a t a  a l o n g  
t h e  t i e b a c k .  Bor ing and recovery  t e c h n i q u e s  shou ld  p r e v e n t  sample 
c o n t a m i n a t i o n  from wash b o r i n g  w a t e r .  

A s o i l  box i s  used  t o  d e t e r m i n e  s o i l  r e s i s t i v i t y .  The w r i t e r ' s  s o i l  box 
r e q u i r e d  approx imate ly  17.5 i n 3  (28.7 cm3) of  s o i l .  A c u r r e n t  i s  
a p p l i e d  t o  two e l e c t r o d e s  a t  t h e  end a t  t h e  box, and t h e  v o l t a g e  d r o p  
between two i n t e r i o r  e l e c t r o d e s  i s  measured u s i n g  a  s o i l  r e s i s t a n c e  mete r .  
The r e s i s t i v i t y  i s  r e a d  d i r e c t l y  o n  t h e  mete r .  The r e s i s t i v i t y  shou ld  be 
de te rmined  f o r  t h e  s o i l  a t  t h e  n a t u r a l  m o i s t u r e  c o n t e n t ,  and a g a i n  when i t  
i s  s a t u r a t e d  w i t h  d i s t i l l e d  w a t e r .  The lowes t  r e s i s t i v i t y  shou ld  be used 
f o r  e v a l u a t i n g  t h e  t i e b a c k  c o r r o s i o n  p r o t e c t i o n  r e q u i r e m e n t s .  



Hvdrogen Ion  C o n c e n t r a t i o n  

Hydrogen i o n  c o n c e n t r a t i o n  (pH) s h o u l d  be measured on  f r e s h  b o r i n g  
samples  a s  soon  a s  t h e y  a r e  r e c o v e r e d  from t h e  bo re  h o l e .  The pH o f  s o i l s  
may unde rgo  changes  i f  t h e y  a r e  exposed  t o  t h e  a tmosphe re  o r  a l l o w e d  t o  
d r y .  There a r e  a  v a r i e t y  o f  p o r t a b l e  m e t e r s  which c a n  be u s e d  t o  measure  
pH. ASTM G 51-77, S t a n d a r d  T e s t  Method f o r  pH o f  S o i l  f o r  Use i n  C o r r o s i o n  
T e s t i n g ,  d e s c r i b e s  t h e  t e s t s .  

Chemical P r o p e r t i e s  o f  t h e  S o i l  and Groundwater  

The p r e s e n c e  o f  s u l f i d e s ,  and  t h e  s o l u b l e  s u l f a t e  c o n t e n t  s h o u l d  be  
d e t e r m i n e d .  F i e l d  t e s t s  c a n  be u s e d  t o  d e t e r m i n e  i f  s u l f i d e s  a r e  p r e s e n t .  
L a b o r a t o r y  t e s t s  a r e  r e q u i r e d  t o  d e t e r m i n e  t h e  s o l u b l e  s u l f a t e  c o n t e n t .  

A sodium a z i d e - i o d i n e  q u a l i t a t i v e  t e s t  i s  used  t o  d e t e c t  s u l f i d e s .  
N i t r o g e n  g a s  i s  e v o l v e d  when a 3  p e r c e n t  sodium a z i d e  i n  a  0 . 1  N i o d i n e  
s o l u t i o n  i s  added t o  a  s o i l  c o n t a i n i n g  s u l f i d e s .  The r o t t e n  egg s m e l l  o r  
t h e  amount o f  b u b b l i n g  obse rved  p r o v i d e s  a  q u a l i t a t i v e  i n d i c a t i o n  o f  t h e  
s u l f i d e  c o n t e n t  o f  t h e  s o i l .  T h i s  t e s t  must  be per formed i n  t h e  f i e l d  on  a 
f r e s h  sample .  

L a b o r a t o r y  t e s t s  a r e  per formed t o  d e t e r m i n e  t h e  s o l u b l e  s u l f a t e  
c o n t e n t .  Samples uncon tamina ted  by wash w a t e r  s h o u l d  be r e c o v e r e d  and  
p l a c e d  i n  s e a l e d  c o n t a i n e r s  f o r  s t o r a g e  and sh ipment  t o  t h e  l a b o r a t o r y .  
The s u l f a t e  c o n t e n t  i s  d e t e r m i n e d  s i n c e  s u l f a t e s  may a t t a c k  p o r t l a n d  cement 
g r o u t  (See  Page 1 3 7 ) .  The q u a n t i t y  o f  s o l u b l e  s u l f a t e s  i s  r e p o r t e d  a s  
m i l l i g r a m - e q u i v a l e n t s  p e r  k i l o g r a m  o f  s o i l .  The m i l l i g r a m - e q u i v a l e n t  i s  t h e  
c h e m i c a l  e q u i v a l e n t  w e i g h t  o f  t h e  s u l f a t e  r a d i c a l  e x p r e s s e d  i n  m i l l i g r a m s .  

P h y s i c a l  P r o p e r t i e s  o f  t h e  S o i l  and  Groundwater  

The s o i l  s h o u l d  be c o m p l e t e l y  d e s c r i b e d .  The U n i f i e d  S o i l  
C l a s s i f i c a t i o n  System [ 6 2 ]  p r o v i d e s  a good d e s c r i p t i o n  o f  t h e  p h y s i c a l  
p r o p e r t i e s  o f  t h e  s o i l .  Whether t h e  s o i l  i s  a  n a t u r a l  d e p o s i t  o r  a  f i l l ,  
t h e  l o c a t i o n  o f  n e a r b y  mining  o p e r a t i o n s ,  and  t h e  p r o x i m i t y  o f  t h e  s i t e  t o  
chemica l  p l a n t s  o r  chemica l  s t o r a g e  a r e a s  s h o u l d  be  i n d i c a t e d .  

The g roundwate r  l e v e l  s h o u l d  be measu red ,  and  f l u c t u a t i o n s  i n  t h e  l e v e l  
s h o u l d  be  n o t e d .  H igh ly  permeable  s o i l s  w i t h  f l o w i n g  g roundwate r  s h o u l d  be 
i d e n t i f i e d  s i n c e  t h e s e  w a t e r s  may t r a n s p o r t  a g g r e s s i v e  a n i o n s .  

P o t e n t i a l  S t r a y  C u r r e n t  Sources  

E x i s t i n g  i m p r e s s e d  c u r r e n t  and s a c r i f i c a l  anode  c a t h o d i c  p r o t e c t i o n  
sys t ems  s h o u l d  be i d e n t i f i e d .  P o t e n t i a l  s o u r c e s  o f  s t r a y  d i r e c t  c u r r e n t s  
s h o u l d  a l s o  be n o t e d .  D i r e c t  c u r r e n t  r a i l w a y s ,  w e l d i n g  o p e r a t i o n s ,  mine  
t r a n s p o r t a t i o n  equ ipmen t ,  and  grounded i n d u s t r i a l  equipment  a r e  p o t e n t i a l  
s o u r c e s  o f  s t r a y  d i r e c t  c u r r e n t .  

B. Recommended C o r r o s i o n  P r o t e c t i o n s  

Each c u r r e n t  t i e b a c k  s t a n d a r d  u s e s  s e r v i c e  l i f e  t o  d e t e r m i n e  i f  a 
t i e b a c k  s h o u l d  be p r o t e c t e d .  T h i s  c o u l d  be dange rous  f o r  u n p r o t e c t e d  

t empora ry  t i e b a c k s ,  s i n c e  u n p r o t e c t e d  t i e b a c k s  i n  a g g r e s s i v e  e n v i r o n m e n t s  



have  f a i l e d  w i t h i n  one  y e a r  o f  i n s t a l l a t i o n .  The w r i t e r  recommends t h a t  a  
f u n c t i o n a l  d e f i n i t i o n  f o r  t empora ry  and permanent  t i e b a c k s  be used  r a t h e r  
t h a n  a  s e r v i c e  l i f e  d e f i n i t i o n .  A permanent  t i e b a c k  i s  one  which w i l l  
become p a r t  o f  a  permanent  s t r u c t u r e ,  w h i l e  a  t empora ry  t i e b a c k  i s  o n l y  
r e q u i r e d  d u r i n g  c o n s t r u c t i o n .  T h i s  d i s t i n c t i o n  i s  i m p o r t a n t  s i n c e  t i e b a c k s  
w i t h  s h o r t  s e r v i c e  l i v e s  ( l e s s  t h a n  2  ears) may r e q u i r e  c o r r o s i o n  
p r o t e c t i o n .  

S o i l  t e s t s  and  f i e l d  o b s e r v a t i o n s  s h o u l d  be u sed  t o  e v a l u a t e  t h e  
a g g r e s s i v e n e s s  o f  t h e  env i ronmen t .  Romanoff [ 1 6 ] ,  Boyd and Nowacki [ 6 3 ] ,  
Rehm [ 6 4 ] ,  t h e  AWWA [ 6 5 ] ,  t h e  F rench  Recommendations [ 5 3 ] ,  and t h e  d r a f t  
B r i t i s h  Code [ 5 4 ]  have  deve loped  sys t ems  f o r  r a t i n g  t h e  a g g r e s s i v i t y  o f  s o i l  
e n v i r o n m e n t s .  Not a l l  t h e  r a t i n g  s y s t e m s  were  deve loped  f o r  t i e b a c k  
a p p l i c a t i o n s  b u t  t h e y  p r o v i d e d  t h e  background f o r  d e v e l o p i n g  t h e  f o l l o w i n g  
t i e b a c k  c o r r o s i o n  p r o t e c t i o n  recommendat ions .  

C h a p t e r  8  c o n t a i n s  a  d e s c r i p t i o n  o f  t h e  c o r r o s i o n  p r o t e c t i o n  m a t e r i a l s  
u s e d  t o  f a b r i c a t e  a  t endon .  A g e n e r a l  d e s c r i p t i o n  o f  t h e  c o r r o s i o n  
p r o t e c t i o n  i s  g i v e n  h e r e .  

Permanent  T ieback  P r o t e c t i o n s  

S imple  c o r r o s i o n  p r o t e c t e d  t i e b a c k s  s i m i l a r  t o  t h o s e  shown i n  F i g u r e  55  
w i l l  s a t i s f a c t o r i l y  p r o t e c t  a  permanent  t i e b a c k  i f  t h e  s o i l  s u r r o u n d i n g  t h e  
a n c h o r  l e n g t h  h a s  a  pH g r e a t e r  t h a n  o r  e q u a l  t o  4 .5 ,  n o t  c a u s e d  c h e m i c a l  
a t t a c k  t o  o t h e r  b u r i e d  c o n c r e t e  s t r u c t u r e s ,  a  r e s i s t i v i t y  g r e a t e r  t h a n  o r  
e q u a l  t o  2 , 0 0 0  ohm-cm, and no s u l f i d e s  p r e s e n t .  The minimum s u l f i d e  c o n t e n t  
which c o u l d  be  t o l e r a t e d  h a s  n o t  been  d e t e r m i n e d  a t  t h i s  t i m e .  The 
p r e s t r e s s i n g  s t e e l  s h o u l d  be e l e c t r i c a l l y  i n s u l a t e d  from t h e  s t r u c t u r e  i t  
s u p p o r t s .  

E n c a p s u l a t e d  t i e b a c k s  s i m i l a r  t o  t h o s e  shown i n  F i g u r e s  45 ,  46 ,  and 4 7 ;  
o r  a  c o m p r e s s i o n  t u b e  t i e b a c k ,  F i g u r e  48 ,  a r e  recommended f o r  permanent  
a p p l i c a t i o n s  i f  t h e  s o i l  s u r r o u n d i n g  t h e  a n c h o r  l e n g t h  h a s  a  pH l e s s  t h a n  
4 .5 ,  o r  c a u s e d  c h e m i c a l  a t t a c k  o f  o t h e r  b u r i e d  c o n c r e t e  s t r u c t u r e s ,  o r  a  
r e s i s t i v i t y  l e s s  t h a n  2 , 0 0 0  ohm-cm, o r  s u l f i d e s  p r e s e n t .  

An e l e c t r i c a l l y  i n s u l a t e d ,  s i m p l e  c o r r o s i o n  p r o t e c t e d  t i e b a c k  c a n  be 
i n s p e c t e d  i f  a n  i n s u l a t e d  t e s t  l e a d  w i r e  i s  a t t a c h e d  t o  t h e  t e n d o n  and  
a n o t h e r  l e a d  w i r e  i s  a t t a c h e d  t o  t h e  r e b a r s  o r  w a l e s  i n  t h e  s t r u c t u r e .  To 
d e t e r m i n e  i f  t h e  t e n d o n  h a s  been  p r o p e r l y  i n s u l t a t e d ,  one  c a n  a p p l y  a  
v o l t a g e  t o  t h e  t e n d o n  and u s e  a n  ammeter t o  measure  any  c u r r e n t  f low.  I f  
t h e  t e n d o n  h a s  n o t  been  i n s u l a t e d  from t h e  s t r u c t u r e ,  t h e n  a  c u r r e n t  
i n d i c a t i n g  l i t t l e  o r  no c i r c u i t  r e s i s t a n c e  s h o u l d  be measured .  A s m a l l  
c u r r e n t  f l o w  may be  measured  i f  c u r r e n t  f l o w s  from t h e  a n c h o r  zone t h r o u g h  
t h e  s o i l  t o  s t e e l  a t  t h e  w a l l .  

Temporary T i e b a c k  P r o t e c t i o n  

Most t empora ry  t i e b a c k s  w i l l  n o t  r e q u i r e  any  s p e c i a l  c o r r o s i o n  
p r o t e c t i o n .  Based o n  t h e  c o r r o s i o n  pe r fo rmance  o f  s t r e s s - r e l i e v e d  
p r e s t r e s s i n g  s t e e l s ,  i t  i s  r e a s o n a b l e  t o  assume t h a t  u n p r o t e c t e d  t i e b a c k  
t e n d o n s  i n  n o n a g g r e s s i v e  e n v i r o n m e n t s  s h o u l d  pe r fo rm s a t i s f a c t o r i l y  f o r  a t  



S e c t i o n  A-A S e c t i o n  B-B 

Unbonded l e n g t h  
-- -- . - Anchor l e n g t h  

Legend : 

1 )  I n s u l a t i n g  cover  of preformed p l a s t i c ,  6) S e a l  
h e a t  s h r i n k a b l e  c o v e r ,  o r  moldable t a p e .  7) PVC trumpet 

2 )  Nut 8) Grease f i l l e d  PVC o r  
3 )  Bearing p l a t e  p o l y e t h y l e n e  s h e a t h  
4) Bear ing p l a t e  i n s u l a t i o n  9) Anchor g r o u t  
5) A n t i c o r r o s i o n  g r e a s e  10)  Tendon 

F igure  55 .  I n s u l a t e d  s imple  c o r r o s i o n  p r o t e c t e d  t i e b a c k .  



l e a s t  f i v e  y e a r s .  However, t h e  unbonded l e n g t h  of a  temporary t i e b a c k  
shou ld  be p r o t e c t e d  i f  t h e  s e r v i c e  l i f e  exceeds  12 months,  and i f  t h e  
unbonded l e n g t h  p a s s e s  through : 

1 )  A s o i l  w i t h  a  pH of 4.5 o r  l e s s .  
2 )  C inder ,  a s h ,  o r  s l a g  f i l l s .  
3 )  T i d a l  marshes .  
4 )  S a l t  w a t e r .  
5 )  Organic  f i l l s  c o n t a i n i n g  humic a c i d .  
6 )  Pea t  bogs .  
7 )  Acid mine w a s t e s .  
8 )  I n d u s t r i a l  w a s t e s .  

P r o t e c t i o n  During S t o r a g e ,  Shipping and Handling 

P r e s t r e s s i n g  s t e e l s  shou ld  be p r o t e c t e d  from t h e  environment .  A l i g h t  
c o a t i n g  of  r u s t  on t h e  p r e s t r e s s i n g  s t e e l s  i s  a c c e p t a b l e .  Heavy 
c o r r o s i o n  shou ld  n o t  be p r e s e n t .  Small p i t s  t h a t  deve lop  d u r i n g  
cause  s t r e s s  c o n c e n t r a t i o n s  and p o s s i b l e  f a i l u r e  of  t h e  tendon.  

p i t t i n g  o r  
s t o r a g e  can 

POTENTIAL CORROSION PROTECTIOK IMPROVEMENTS 

The c o r r o s i o n  mechanism f o r  b u r i e d  s t e e l s  i s  unders tood .  However, o u r  
a b i l i t y  t o  p r e d i c t  how a  s t e e l  w i l l  perform i s  l i m i t e d .  A t  p r e s e n t ,  no 
r e s e a r c h  h a s  been d i r e c t e d  toward f i e l d  e v a l u a t i o n  of  t h e  l e v e l  of  
c o r r o s i o n  p r o t e c t i o n  r e q u i r e d  f o r  a  permanent t i e b a c k .  

The b a s i c  c o r r o s i o n  p r o t e c t i o n  d e c i s i o n  i s  whether  o r  n o t  t o  r e l y  on t h e  
anchor  g r o u t  t o  p r o t e c t  t h e  p r e s t r e s s i n g  s t e e l  o r  t o  f u l l y  e n c a p s u l a t e  t h e  
s t e e l .  For many t i e b a c k  sys tems ,  e n c a p s u l a t i o n  can  s i g n i f i c a n t l y  i n c r e a s e  
t h e i r  c o s t .  The f o l l o w i n g  t e s t s  shou ld  e n a b l e  a  s c i e n t i f i c  e v a l u a t i o n  of  
cement g r o u t  c o r r o s i o n  p r o t e c t i o n ,  e l e c t r i c a l  i n s u l a t i o n ,  and d e t e r m i n e  
whether  o r  n o t  s i m p l e  c o r r o s i o n  p r o t e c t e d  t i e b a c k s  can  be used i n  a g g r e s s i v e  
low r e s i s t i v i t y  s o i l s  ( l e s s  t h a n  2 ,000  ohm-cm). 

The t e s t s  shou ld  be performed on i n s u l a t e d  t i e b a c k s  s i m i l a r  t o  t h e  one 
shown i n  F igure  55. The t e s t  t i e b a c k s  shou ld  be i n s t a l l e d  i n  d i f f e r e n t  
a g g r e s s i v e  and nonaggress ive  s o i l s .  Two ill2 i n s u l a t e d  l e a d  w i r e s  (Numbers 1 
and 2) shou ld  be a t t a c h e d  t o  t h e  tendon a t  t h e  anchorage ,  and two l e a d  w i r e s  
(Numbers 3 and 4 )  shou ld  be a t t a c h e d  t o  s t e e l  i n  t h e  w a l l  o r  a  s o l d i e r  beam 
suppor ted  by t h e  t i e b a c k .  A l l  f o u r  l e a d  w i r e s  shou ld  be t e r m i n a t e d  i n  a  
waterproof  e n c l o s u r e  a t  a  permanent ly  a c c e s s i b l e  l o c a t i o n .  The f o l l o w i n g  
t e s t s  can  t h e n  be performed: 

1 )  Tes t  No. 1 - Check t h e  i n s u l a t i o n  of t h e  anchor  head.  Apply a  
known v o l t a g e  between l e a d  w i r e s  1 and 3  and measure t h e  c u r r e n t  i n  
t h e  c i r c u i t  b e f o r e  l o a d  t e s t i n g  t h e  t i e b a c k  (See F igure  5 6 ) .  
C a l c u l a t e  and r e c o r d  t h e  c i r c u i t  r e s i s t a n c e .  A c u r r e n t  which 
i n d i c a t e s  a  v e r y  low c i r c u i t  r e s i s t a n c e  means t h a t  t h e  t i e b a c k  was 
n o t  p r o p e r l y  i n s u l a t e d .  A smal l  c u r r e n t  f low may be d e t e c t e d ,  
s i n c e  c u r r e n t  c a n  a l s o  f low from t h e  t i e b a c k  tendon th rough  t h e  
s o i l  t o  s t e e l  i n  t h e  w a l l .  Th i s  c i r c u i t  should have a  h igh  
r e s i s t a n c e .  
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F igure  56. Tes t  arrangement f o r  checking anchor  head i n s u l a t i o n .  

2 )  Tes t  No. 2 - Determine t h e  c i r c u i t  r e s i s t a n c e  a f t e r  l o a d  t e s t i n g .  
Repeat  T e s t  No. 1 a f t e r  t h e  t i e b a c k  h a s  been l o a d  t e s t e d  and 
locked-of f .  Measure t h e  c u r r e n t ,  and c a l c u l a t e  and r e c o r d  t h e  
c i r c u i t  r e s i s t a n c e .  A c u r r e n t  which i n d i c a t e s  a  v e r y  low c i r c u i t  
r e s i s t a n c e  means t h a t  t h e  i n s u l a t i o n  a t  t h e  anchor  head was damaged 
d u r i n g  l o a d i n g .  I f  t h e  c u r r e n t  observed i n d i c a t e s  t h a t  t h e  
i n s u l a t i o n  was n o t  damaged, t h e n  a  s i g n i f i c a n t  change i n  r e s i s t a n c e  
from t h a t  observed i n  T e s t  No. 1 i n d i c a t e s  t h a t  a n  e l e c t r o l y t e  h a s  
come i n  d i r e c t  c o n t a c t  w i t h  t h e  tendon when t h e  anchor  was l o a d e d .  
S ince  t h e s e  t e s t s  have never  been performed a  c o r r o s i o n  e n g i n e e r  
shou ld  be used t o  de te rmine  what c o n s t i t u t e s  a  s i g n i f i c a n t  change 
i n  r e s i s t a n c e .  

3 )  T e s t  No. 3 - Determine whether o r  n o t  a  l o n g - l i n e  c o r r o s i o n  sys tem 
e x i s t s .  With no e x t e r n a l  v o l t a g e  a p p l i e d ,  measurement of  t h e  
v o l t a g e  and c u r r e n t  between w i r e s  1 o r  2 and w i r e s  3 o r  4 w i l l  
i n d i c a t e  t h e  d i r e c t i o n  and magnitude of t h e  l o n g - l i n e  c o r r o s i o n  
c u r r e n t  which would e x i s t  i f  t h e  t i e b a c k  was n o t  i n s u l a t e d  from t h e  
s t r u c t u r e  (See F igure  5 7 ) .  I f  l o n g - l i n e  c o r r o s i o n  c u r r e n t  i s  
obse rved ,  t h e n  e l e c t r i c a l  i n s u l a t i o n  shou ld  c o n t i n u e  t o  be used t o  
i n t e r r u p t  t h e  c o r r o s i o n  c i r c u i t .  I f  t h e  l o n g - l i n e  c e l l  does  n o t  
e x i s t ,  t h e n  e l e c t r i c a l  i n s u l a t i o n  of  s imple -cor ros ion  p r o t e c t e d  
t i e b a c k s  can  be d i s c o n t i n u e d .  
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F igure  5 7 .  Tes t  arrangement f o r  measur ing t h e  d i r e c t i o n  and t h e  
magnitude of  t h e  l o n g - l i n e  c o r r o s i o n  c u r r e n t .  

4 )  Tes t  No. 4 - Determine changes i n  a e r a t i o n  on t h e  tendon s u r f a c e .  
The measurement of  t h e  g r o u t  p r o t e c t e d  tendon p o t e n t i a l  t o  a  copper 
s u l f a t e  r e f e r e n c e  e l e c t r o d e  w i l l  i n d i c a t e  changes i n  a e r a t i o n  on 
t h e  tendon s u r f a c e .  The p o t e n t i a l  d i f f e r e n c e s  a r e  measured between 
l e a d  w i r e s  1 o r  2 and l e a d  w i r e  5 ,  which i s  connected t o  a  copper  
s u l f a t e  e l e c t r o d e  l o c a t e d  above t h e  g r o u t e d  anchor  (See F i g u r e  
5 8 ) .  The measurements should  be made soon a f t e r  c o n s t r u c t i o n  i s  
completed and a t  r e g u l a r  i n t e r v a l s .  An i n c r e a s i n g  e l e c t r o n e g a t i v e  
p o t e n t i a l  i n d i c a t e s  a  d e f i c i e n c y  i n  oxygen, and a  d e c r e a s i n g  
p o t e n t i a l  i n d i c a t e s  t h a t  oxygen i s  p r e s e n t  i n  t h e  s o i l  su r round ing  
t h e  anchor  l e n g t h .  The measurement of  p o t e n t i a l  d i f f e r e n c e s  does  
n o t  i n d i c a t e  t h e  r a t e  of  c o r r o s i o n ,  but  i t  does  p rov ide  a n  
i n d i c a t i o n  o f  t h e  e x i s t e n c e  o r  absence  of  c o r r o s i o n .  Once t h e  
e x i s t e n c e  o f  c o r r o s i o n  i s  e s t a b l i s h e d ,  o t h e r  methods must be used 
t o  measure t h e  c o r r o s i o n  r a t e .  

5 )  T e s t  no. 5  - E s t i m a t i o n  of t h e  r a t e  of  l o c a l  c o r r o s i o n  c e l l  
a c t i v i t y .  A good approx imat ion  of t h e  magnitude of  t h e  l o c a l  
c o r r o s i o n  c e l l  a c t i v i t y  can  be determined by t h e  Stern-Geary l i n e a r  
p o l a r i z a t i o n  r e s i s t a n c e  method [ 1 8 ] .  Lead w i r e s  1 and 5  a r e  used 
f o r  p o t e n t i a l  measurement between t h e  tendon and a  r e f e r e n c e  
e l e c t r o d e .  The r e f e r e n c e  e l e c t r o d e  i s  l o c a t e d  above t h e  anchor  
zone a s  shown i n  F igure  59.  Lead w i r e s  2 and 3 a r e  used t o  make 
t h e  s t r u c t u r e  a  c o u n t e r  e l e c t r o d e  and f o r  a p p l y i n g  a  t e s t  c u r r e n t  
o n t o  t h e  tendon.  An i n s t r u m e n t  f o r  measur ing t h e  tendon 
p o l a r i z a t i o n  f r e e  o f  I R  d r o p  i s  r e q u i r e d .  

These t e s t s  shou ld  be performed under  t h e  d i r e c t i o n  of  a  c o r r o s i o n  
e n g i n e e r  f a m i l i a r  w i t h  underground c o r r o s i o n .  It i s  l i k e l y  t h a t  t h e  
s i g n i f i c a n c e  o f  t h e s e  measurements w i l l  have  t o  be de te rmine  by comparing 

t e s t  r e s u l t s  from o t h e r  s i m i l a r  underground c o r r o s i o n  measurements.  



Lead w i r e  # 5 
Copper s u l f a t e  

r e f e r e n c e  1 
V o l t m e t e r  
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c o r r o s i o n  c e l l  a c t i v i t y .  



CHAPTER 6  - DESIGN 

Tieback d e s i g n  i n c l u d e s :  

1 )  A t i e b a c k  f e a s i b i l i t y  e v a l u a t i o n .  
2 )  An e v a l u a t i o n  o f  t h e  r i s k ;  consequences  of f a i l u r e .  
3 )  The s e l e c t i o n  of  a  t i e b a c k  type .  
4 )  The e s t i m a t i o n  of  t h e  t i e b a c k  c a p a c i t y .  
5 )  The d e t e r m i n a t i o n  of  t h e  unbonded and t o t a l  t i e b a c k  l e n g t h .  
6 )  The s e l e c t i o n  of a  c o r r o s i o n  p r o t e c t i o n  system (Chapter  5 ) .  
7 )  The s e l e c t i o n  of  a  t i e b a c k  t e s t i n g  procedure  (Chapter  1 0 ) .  
8 )  E s t a b l i s h i n g  o b s e r v a t i o n  and moni to r ing  requ i rements  (Chapter  1 0 ) .  

T h i s  c h a p t e r  c o n c e n t r a t e s  on i t e m s  1, 2 ,  3 and 4. The d e t e r m i n a t i o n  of  
t h e  unbonded l e n g t h  i s  no t  d i s c u s s e d  i n  d e t a i l  s i n c e  i t  r e s u l t s  from a  
s t a b i l i t y  a n a l y s i s  f o r  t h e  p a r t i c u l a r  s t r u c t u r e .  Cor ros ion  p r o t e c t i o n  of  a  
t i e b a c k  i s  c o n s i d e r e d  s e p a r a t e l y  i n  Chapter 5. Tieback t e s t i n g  and 
moni to r ing  i s  c o n s i d e r e d  i n  Chapter 10 .  

SOIL O R  ROCK PROPERTIES 

The d e s i g n e r  must know t h e  s o i l  o r  rock  p r o p e r t i e s  i n  t h e  v i c i n i t y  o f  
t h e  t i e b a c k s  i n  o r d e r  t o  de te rmine  i f  t i e b a c k s  can  be used .  The c o n t r a c t o r  
a l s o  r e q u i r e s  t h i s  i n f o r m a t i o n  i n  o r d e r  t o  s e l e c t  t h e  t i e b a c k  t y p e  and 
e s t i m a t e  t h e i r  c a p a c i t i e s .  

I f  t h e  t i e b a c k  i s  t o  be made i n  s o i l ,  t h e  fo l lowing  p r o p e r t i e s  o r  
t e s t  r e s u l t s  shou ld  be i n c l u d e d  i n  t h e  c o n t r a c t  documents o r  s o i l s  r e p o r t :  

1 )  Boring l o g s  w i t h  s t a n d a r d  p e n e t r a t i o n  r e s i s t a n c e s ,  v i s u a l  
c l a s s i f i c a t i o n s ,  groundwater l e v e l s ,  and d r i l l e r s  o b s e r v a t i o n s .  

2 )  Uni f i ed  S o i l  C l a s s i f i c a t i o n  [ 6 2 ]  of t h e  s o i l .  
3 )  P l a s t i c  and l i q u i d  l i m i t s .  
4 )  Unconfined compress ive  s t r e n g t h  on u n d i s t u r b e d  and remolded c l a y  

samples .  
5 )  Gra in  s i z e  d i s t r i b u t i o n  c u r v e s  f o r  f i n e  g r a i n e d  sands  and s i l t s .  
6 )  R e s i s t i v i t y ,  s o i l  pH, s o l u b l e  s u l f a t e  c o n t e n t ,  and s u l f i d e  c o n t e n t  

a r e  r e q u i r e d  f o r  c o r r o s i o n  p r o t e c t i o n  s e l e c t i o n .  ( I f  t h e s e  t e s t s  
a r e  n o t  performed,  t h e  d e s i g n e r  shou ld  d e s c r i b e  t h e  c o r r o s i o n  
p r o t e c t i o n  r e q u i r e d . )  

I f  t h e  t i e b a c k  i s  t o  be l o c a t e d  i n  rock  t h e  f o l l o w i n g  p r o p e r t i e s  o r  
t e s t  r e s u l t s  shou ld  be i n c l u d e d  i n  t h e  c o n t r a c t  documents o r  g e o t e c h n i c a l  
r e p o r t  : 

1 )  Boring l o g s  w i t h  rock  c l a s s i f i c a t i o n s ,  p e n e t r a t i o n  r a t e s ,  
r e c o v e r i e s ,  R Q D ' s  [ 6 6 ] ,  groundwater l e v e l s  and d r i l l e r s  
o b s e r v a t i o n s .  

2 )  Unconfined compress ive  s t r e n g t h .  
3 )  Groundwater pH. 



FEASIBILITY OF TIEBACKS 

The d e s i g n e r  d e t e r m i n e s  i f  permanent t i e b a c k s  a r e  f e a s i b l e  f o r  a  s i t e .  
When temporary t i e b a c k s  a r e  used ,  t h e  c o n t r a c t o r  normal ly  makes t h e  
d e t e r m i n a t i o n .  The d e c i s i o n  i s  based o n  a n  e v a l u a t i o n  of  t h e  c o n t r a c t o r ' s  
a b i l i t y  t o :  

1 )  I n s t a l l  t h e  t i e b a c k s .  
2 )  Develop a d e q u a t e  t i e b a c k  c a p a c i t y .  
3 )  M a i n t a i n  t i e b a c k  c a p a c i t y  w i t h o u t  e x c e s s i v e  movements o r  l o s s  of  

l o a d .  
4 )  C o n s t r u c t  t h e  t i e b a c k s  economica l ly .  

The p resence  o f  u t i l i t i e s ,  subways o r  o t h e r  underground s t r u c t u r e s  may 
d e t e r m i n e  whether  o r  n o t  t i e b a c k s  c a n  be i n s t a l l e d  a t  a  s i t e .  Normally,  
t i e b a c k s  used t o  s u p p o r t  a  w a l l  a r e  i n s t a l l e d  a t  a n g l e s  v a r y i n g  between 
h o r i z o n t a l  and 45' from h o r i z o n t a l .  I f  a  t i e b a c k  i s  i n s t a l l e d  s t e e p e r  t h a n  
45O, t h e  m a j o r i t y  of  i t s  l o a d  w i l l  be a p p l i e d  v e r t i c a l l y  t o  t h e  w a l l .  I f  
t i e b a c k s  c a n  be p h y s i c a l l y  i n s t a l l e d ,  t h e  owner must o b t a i n  t i e b a c k  
easements  from a d j a c e n t  p r o p e r t y  owners.  

T iebacks  c a n  deve lop  h i g h  c a p a c i t i e s  i n  r o c k  w i t h o u t  s i g n i f i c a n t  l o s s  
of  l o a d  o r  movement w i t h  t ime .  Highly f r a c t u r e d  rock  w i t h  open j o i n t s  o r  
cavernous  l i m e s t o n e  should  be avoided i f  p o s s i b l e  s i n c e  g r o u t i n g  i s  
d i f f i c u l t  i n  t h e s e  open fo rmat ions .  Grout ing t e c h n i q u e s  f o r  t h e s e  
f o r m a t i o n s  a r e  d i s c u s s e d  on Pages 149  and 150. 

Temporary and permanent t i e b a c k s  a r e  r o u t i n e l y  i n s t a l l e d  i n  sandy and 
g r a v e l l y  s o i l s  w i t h  a  s t a n d a r d  p e n e t r a t i o n  r e s i s t a n c e  g r e a t e r  t h a n  t e n  blows 
p e r  f o o t  [ 6 7 ] .  The German Standard [56]  i n d i c a t e s  t h a t  t i e b a c k s ,  shou ld  n o t  
be i n s t a l l e d  i n  s o i l s  w i t h  a  r e l a t i v e  d e n s i t y  l e s s  t h a n  0.3. T e s t i n g  and 
moni to r ing  of many i n s t a l l a t i o n s  i n d i c a t e s  t h a t  permanent t i e b a c k s  i n s t a l l e d  
i n  c o h e s i o n l e s s  s o i l s  w i l l  perform s a t i s f a c t o r i l y .  I f  s o i l s  w i t h  a  s t a n d a r d  
p e n e t r a t i o n  r e s i s t a n c e  l e s s  t h a n  1 0  blows p e r  f o o t ,  o r  f i l l s  a r e  
encoun te red ,  a t i e b a c k  c o n t r a c t o r  shou ld  be c o n s u l t e d  i n  o r d e r  t o  de te rmine  
i f  t i e b a c k s  c a n  be used a t  t h e  s i t e .  

Hollow-stem-augered, s ingle-underreamed,  mul t iunderreamed and 
pos tg rou ted  temporary  t i e b a c k s  a r e  f r e q u e n t l y  i n s t a l l e d  i n  c o h e s i v e  s o i l s .  
Hollow-stem-augered and pos tg rou ted  ones  have been used i n  s o i l s  w i t h  a n  
unconf ined compress ive  s t r e n g t h  a s  low a s  0.50 t o n s / f t 2  (48 kPa) .  The 
performance of  temporary  t i e b a c k s  i n  c l a y  h a s  been s a t i s f a c t o r y .  

Permanent t i e b a c k s  a r e  n o t  r o u t i n e l y  i n s t a l l e d  i n  c o h e s i v e  s o i l s  
because  of  t h e  concern  a b o u t  t h e i r  long-term behav io r .  Long-term l o a d  
c a r r y i n g  behav io r  i s  d i s c u s s e d  i n  Chapters  9  and 10.  A l l  s o i l s  e x h i b i t  
time-dependent d e f o r m a t i o n s  and s t r e s s  v a r i a t i o n s  under  l o a d .  I n  most 
c a s e s ,  when a  s t r e s s  i s  a p p l i e d  t o  a  s o i l ,  t h e  s t r a i n  r a t e  d e c r e a s e s  w i t h  
t ime  u n t i l  c r e e p  s t o p s .  However, i n  l a b o r a t o r y  t r i a x i a l  c r e e p  t e s t s ,  
s a t u r a t e d  s o f t  s e n s i t i v e  c l a y s  under  undra ined  c o n d i t i o n s ,  and h e a v i l y  
o v e r c o n s o l i d a t e d  c l a y s  under  d r a i n e d  c o n d i t i o n s ,  a r e  s u s c e p t i b l e  t o  l o s s  of  
s t r e n g t h  w i t h  t i m e  1681. A t  p r e s e n t ,  t h e r e  i s  no s i n g l e  s o i l  p r o p e r t y  which 
w i l l  e n a b l e  t h e  d e s i g n e r  t o  de te rmine  whether  a  t i e b a c k  anchored  i n  a  



cohes ive  s o i l  i s  c r e e p  s u s c e p t i b l e .  S o i l  s t r e n g t h ,  A t t e r b e r g  l imi ts ,  and 
n a t u r a l  w a t e r  c o n t e n t  coupled w i t h  e x p e r i e n c e  i n  s i m i l a r  s o i l s  w i l l  p rov ide  
t h e  b e s t  i n d i c a t i o n  o f  t h e  long-term performance of  a  permanent t i e b a c k .  

The German S tandard  [ 5 6 ]  s t a t e s  t h a t  permanent t i e b a c k s  may n o t  be used 
i n  t h e  f o l l o w i n g  c o h e s i v e  s o i l s ,  w i t h o u t  s p e c i a l  a p p r o v a l :  

1 )  Organic  s o i l s .  
2 )  S o i l s  w i t h  a  c o n s i s t e n c y  i n d e x  ( I ~ )  l e s s  t h a n  0.3:  

where : I c  = Cons i s t ency  i n d e x  

F = L i q u i d  l i m i t  
= N a t u r e  w a t e r  c o n t e n t  

w~ = P l a s t i c  l i m i t  

3 )  Cohesive s o i l s  w i t h  a  l i q u i d  l i m i t  (WL) g r e a t e r  t h a n  50%. 

The French Recommendations [53]  c l a s s i f y  s o i l s  w i t h  a  p l a s t i c i t y  i n d e x  
g r e a t e r  t h a n  o r  e q u a l  t o  20 a s  s o i l s  which a r e  l i k e l y  t o  c r e e p ,  and i t  
recommends a n  e x t e n s i v e  f u l l - s c a l e  t i e b a c k  t e s t  program f o r  t i e b a c k s  
i n s t a l l e d  i n  t h e s e  s o i l s .  

S o i l  s t r e n g t h  shou ld  be c o n s i d e r e d  when de te rmin ing  i f  permanent 
t i e b a c k s  can  be used i n  a  c l a y .  The w r i t e r ' s  e x p e r i e n c e  w i t h  p o s t g r o u t e d  
and hollow-stem-augered t i e b a c k s  i n d i c a t e s  t h a t  t i e b a c k s  i n s t a l l e d  i n  s o i l s  
w i t h  a n  unconf ined  compress ive  s t r e n g t h  l e s s  t h a n  1 . 0  t o n / f t 2  (96 k P a ) ,  
and remolded s t r e n g t h  l e s s  than  0.5 t o n / f t 2  (48 kPa) may be c r e e p  
s u s c e p t i b l e .  S t r a i g h t - s h a f t e d  t i e b a c k s  i n s t a l l e d  i n  s o i l s  t h a t  exceed t h e s e  
s t r e n g t h s ,  and have a  w a t e r  c o n t e n t  n e a r  t h e  p l a s t i c  l i m i t ,  no rmal ly  a r e  n o t  
c r e e p  s u s c e p t i b l e  a t  l o a d s  s i g n i f i c a n t l y  below 80 p e r c e n t  of t h e i r  u l t i m a t e  
c a p a c i t y .  Ul t ima te  t i e b a c k  c a p a c i t y ,  f o r  t h e  purpose  of  t h i s  d i s c u s s i o n ,  i s  
t h e  t e s t  l o a d  which can  o n l y  be m a i n t a i n e d  on t h e  j ack  by c o n t i n u o u s  pumping 
of  a  h y d r a u l i c  pump. 

A f u l l - s c a l e  t e s t  program i s  recommended i f  permanent t i e b a c k s  a r e  t o  
be anchored i n  a  c o h e s i v e  s o i l .  I f  t h e  p r o j e c t  i s  l a r g e  enough, t h e  program 
shou ld  be performed under a  s e p a r a t e  c o n t r a c t  p r i o r  t o  b i d .  

Because o f  t h e  wide v a r i e t y  o f  t i e b a c k  s y s t e m s ,  l e n g t h s ,  c a p a c i t i e s ,  
and i n s t a l l a t i o n  methods,  i t  i s  n o t  p o s s i b l e  t o  g i v e  d e t a i l e d  c o s t  
i n f o r m a t i o n  f o r  permanent t i e b a c k s .  Schnabel  Foundation Company f i n d s  t h a t :  

1 )  A 50 t o n  (445 kN) d e s i g n  l o a d  t i e b a c k  i n s t a l l e d  i n  sand c o s t s  
between $1,000 and $2,500.  

2 )  A 50 t o  70 t o n  (445 t o  623 kN) d e s i g n  l o a d  t i e b a c k  i n s t a l l e d  i n  
c l a y  c o s t s  between $1,000 and $3,500.  

3 )  A 50 t o  1 5 0  t o n  (445 t o  1335 kM) d e s i g n  l o a d  t i e b a c k  used f o r  
l a n d s l i d e  s t a b i l i z a t i o n  o r  w a t e r f r o n t  w a l l s  c o s t s  between $1,000 
and $5,500.  



RISK - 

The d e g r e e  of  r i s k  a s s o c i a t e d  w i t h  t h e  t i e b a c k  i n s t a l l a t i o n  w i l l  
i n f l u e n c e  t h e  d e s i g n  o f  t h e  t i e b a c k s ,  and i n  cohes ive  s o i l s  i t  may de te rmine  
whether  o r  n o t  permanent t i e b a c k s  a r e  used .  The amount o f  r i s k  may a l s o  
i n f l u e n c e  t h e  s e l e c t i o n  of t h e  c o r r o s i o n  p r o t e c t i o n ,  t h e  moni to r ing  
r e q u i r e m e n t s ,  and t h e  over load  a p p l i e d  t o  a  t i e b a c k  d u r i n g  t e s t i n g .  

The Swiss S tandard  [ 5 7 ]  d e f i n e s  a  low-r i sk  p r o j e c t  a s  one where t i e b a c k  
f a i l u r e s  would have few s e r i o u s  consequences  and would n o t  endanger  p u b l i c  
s a f e t y  and o r d e r .  It a l s o  d e f i n e s  a  h i g h - r i s k  p r o j e c t  a s  one where t i e b a c k  
f a i l u r e s  would have s e r i o u s  consequences  and would probably  endanger  p u b l i c  
s a f e t y  and o r d e r .  The d e s i g n e r  i s  t h e  one who shou ld  e v a l u a t e  t h e  r i s k  
a s s o c i a t e d  w i t h  h i s  p r o j e c t .  Table 3 g i v e s  examples showing how r i s k  might 
a f f e c t  a  t i e b a c k  i n s t a l l a t i o n .  

ESTIMATION OF ANCHOR CAPACITY 

Tieback c a p a c i t y  depends upon t h e  s i z e  and shape o f  t h e  g rou ted  a n c h o r ,  
t h e  t endon  t y p e  and s i z e ,  t h e  r e l a t i v e  d e n s i t y  of  t h e  s o i l ,  t h e  i n  s i t u  
s t r e n g t h  of  t h e  s o i l  o r  r o c k ,  t h e  d r i l l i n g  method, t h e  method used t o  c l e a n  
t h e  d r i l l  h o l e ,  and t h e  g r o u t i n g  method. These v a r i a b l e s  a f f e c t  t h e  l o a d  
t r a n s f e r  mechanism between t h e  g rou ted  anchor  and t h e  s o i l  o r  rock .  

To d a t e ,  t h e r e  a p p e a r s  t o  be no t h e o r e t i c a l  r e l a t i o n s h i p  t h a t  c a n  
a c c u r a t e l y  p r e d i c t  t i e b a c k  c a p a c i t y .  The i n a b i l i t y  t o  e s t i m a t e  c a p a c i t y  was 
demonstra ted  i n  1974 a t  t h e  ASCE Geotechn ica l  D i v i s i o n  S p e c i a l t y  Conference 
i n  A u s t i n ,  Texas [ 6 9 ] .  A t  t h e  Aus t in  Conference f i v e  e n g i n e e r s ,  f a m i l i a r  
w i t h  t i e b a c k  d e s i g n  and c o n s t r u c t i o n ,  were g i v e n  s o i l  d a t a  and c o n s t r u c t i o n  
i n f o r m a t i o n  concern ing  f o u r  t i e b a c k  i n s t a l l a t i o n s .  The f i v e  e n g i n e e r s  used 
t h e o r e t i c a l  r e l a t i o n s h i p s  and e x p e r i e n c e  t o  e s t i m a t e  t h e  u l t i m a t e  t i e b a c k  
c a p a c i t i e s .  Table  4  summarizes t h e i r  p r e d i c t i o n s  and t h e  a c t u a l  
c a p a c i t i e s .  The a c t u a l  c a p a c i t i e s  v a r i e d  by p l u s  o r  minus 33 p e r c e n t ,  and 
t h e  p r e d i c t i o n  v a r i e d  by a  c o n s i d e r a b l y  wider  margin .  It i s  a p p a r e n t  t h a t ,  
a t  b e s t ,  o n l y  a  r ange  of c a p a c i t i e s  can  be e s t i m a t e d ,  and t h a t  t e s t i n g  i s  
r e q u i r e d  i n  o r d e r  t o  v e r i f y  c a p a c i t y .  

The r e l a t i o n s h i p s  used t o  e s t i m a t e  t i e b a c k  c a p a c i t y  assume t h a t  t h e  
anchor  i s  formed i n  o n l y  one 
normal ly  formed i n  d i f f e r e n t  
behav io r .  The he te rogeneous  
each t i e b a c k  v e r y  i m p o r t a n t .  

Table  5  i l l u s t r a t e s  how 
t i e b a c k  s e l e c t e d .  The t a b l e  
t i e b a c k s  i n s t a l l e d  i n  a  v e r y  

A. Rock Tiebacks  

type  of  s o i l .  I n  r e a l i t y ,  a  t i e b a c k  anchor  i s  
s o i l s  w i t h  one s o i l  type  dominat ing i t s  
n a t u r e  o f  t h e  s o i l  makes c a r e f u l  t e s t i n g  of  

t i e b a c k  c a p a c i t y  may be a f f e c t e d  by t h e  t y p e  of  
g i v e s  t y p i c a l  u l t i m a t e  c a p a c i t i e s  f o r  d i f f e r e n t  
s t i f f  c l a y  ( N  = 30 blows p e r  f o o t ) .  

The m a j o r i t y  of t h e  rock  t i e b a c k s  a r e  made i n  t remie-grouted 
s t r a i g h t - s h a f t e d  d r i l l  h o l e s .  The g r o u t  i s  pumped i n t o  t h e  d r i l l  h o l e  
through a  g r o u t  t u b e  o r  t h e  d r i l l  r o d s .  



Table  3. Examples showing how r i s k  may a f f e c t  a  t i e b a c k  i n s t a l l a t i o n .  

Tieback Type 

11 Permanent 

Permanent Tiebacks  
I n s t a l l e d  i n  
Cohesive S o i l s  

Permanent Tiebacks  
I n s t a l l e d  i n  I andy S o i l s  o r  Rocks 

Permanent Tieback 
I n s t a l l e d  i n  
Nonaggress ive  
nvironment s  

( ~ i e b a c k  r e p l a c e a b l e :  I 
ermanent Tieback 

I n s t a l l e d  i n  
Nonaggress i v e  
nvironments  

(Tieback I o n r e p l a c e a b l e )  

I )  Maximum t e s t  load e q u a l  
t o  1.33 Design Load 

I V i sua l  o b s e r v a t i o n s  
used t o  check 
performance 

I )  Maximum t e s t  load  e q u a l  
t o  1.33 t o  1 .50 Design 
Load 

I Moni tor ing d u r i n g  
c o n s t r u c t i o n  i s  
n e c e s s a r y  and i t  
should  i n c l u d e  
measurement o f  
s t r u c t u r a l  
de fo rmat ions  

I) Maximum t e s t  l o a d  e q u a l  
t o  1 .33  Design Load 

Visua l  o b s e r v a t i o n  used 
t o  check performance 

Simple c o r r o s i o n  
p r o t e c t i o n  

Simple c o r r o s i o n  
p r o t e c t i o n  

n d a t  i o n s  
For High Risk  Work 

a )  Maximum t e s t  load  equa l  
t o  1 .33 Design Load 

b )  O p t i c a l  su rvey  used t o  
measure de fo rmat ion  o f  
t h e  s t r u c t u r e  

a )  Maximum t e s t  load  ) 1 . 5  
Design Load 

b )  Moni to r ing  a f t e r  
comple t ion  o f  con- 
s t r u c t i o n  i s  n e c e s s a r y  
and i t  shou ld  i n c l u d e  
measurement o f  t i e b a c k  
load  and de format ion  
o f  t h e  s t r u c t u r e  

a )  Maximum t e s t  load  e q u a l  
t o  1 .33 Design Load 

b) Moni to r ing  a f t e r  
comple t ion  o f  con- 
s t r u c t i o n  i s  n e c e s s a r y  
and i t  should  i n c l u d e  
measurement o f  t i e b a c k  
load and de format ion  o f  
t h e  s t r u c t u r e  

Simple c o r r o s i o n  
p r o t e c t i o n  

E n c a p s u l a t i o n  



Tab le  4 .  P r e d i c t e d  and obse rved  t i e b a c k  c a p a c i t i e s  [ 6 9 ] .  

Anchor Capac i ty  ( k i p s )  I 
(1 k i p  = 4 . 4 5  kN) i -- -- - - - - 

Washing-! Morr ls -  Parque 
ton  town (NJ) C e n t r a l  
Metro 

1 
125-300 80-260 I 70-380 

I 

D r .  Costa-Nunes, l-----4 Theory 1 Tecnosolo ! 
M r .  M a l i j i n a ,  LeRoy -_,I1 Theory 300-500 

Exper ience  250-300 -I--- M r .  Nelson,  Spencer 
White and P r e n t i s  

D r .  Murphy Theory I295 

Theory 200-290 D r .  B a s s e t t ,  
K i n g ' s  C o l l e g e  

1 Actua l  T e s t  R e s u l t s  

The u l t i m a t e  c a p a c i t y  o f  a  s t r a i g h t - s h a f t e d  r o c k  t i e b a c k  i s  g i v e n  by 
E q u a t i o n  (10) .  

where  : P = u l t i m a t e  t i e b a c k  c a p a c i t y  
D = anchor  d i a m e t e r  

a 
= anchor  l e n g t h  

'r = u l t i m a t e  rock -g rou t  bond stress 
u l t  

E q u a t i o n  ( 1 0 )  assumes  a un i fo rm bond o r  s h e a r  s t r e s s  d i s t r i b u t i o n  a l o n g  
t h e  a n c h o r  l e n g t h  e v e n  though t h e  t h e  a c t u a l  bond s t r e s s e s  a r e  n o t  u n i f o r m l y  
d i s t r i b u t e d .  A c t u a l  l o a d  d i s t r i b u t i o n  a l o n g  r o c k  t i e b a c k s  i s  d i s c u s s e d  i n  
Chap te r  9.  



Table  5 .  T y p i c a l  u l t i m a t e  t i e b a c k  c a p a c i t i e s  f o r  t i e b a c k s  i n s t a l l e d  
i n  a  s t i f f  c l a y  ( N  = 30 blows p e r  f o o t ) .  

Tieback Type 

Pressure injected tieback 
(3 inch (76 mm) driven casing 
and a 20 foot (6.1 m) anchor 
length) 

~ollow stem augered tieback 
(10 inch (254 mm) diameter 
shaft and a 35 foot (10.7 m) 
anchor length) 

Single underreamed tieback 
(18 inch (457 m) diameter 
shaft, 36 inch (914 mm) un- 
derream and 20 foot (6.1 m) 
anchor length) 

Postgrouted tieback (6 inch 
(152 mm) initial diameter 

U l t i m a t e  Capac i ty  

40 k i p s  
(178 kN) 

110 k i p s  
(490 kN) 

150 k i p s  
(668 kN) 

270 k i p s  i 
and 30 foot (9.1 m) anchor I (1202 k) 
length) 

L i t t l e j o h n  and Bruce [ 7 0 ]  i n d i c a t e d  t h a t  i n  s o f t  r o c k s  w i t h  u n i a x i a l  
compress ive  s t r e n g t h  l e s s  t h a n  1 , 0 0 0  p s i  (6 ,900 k P a ) ,  v a l u e s  of  r u l t  
shou ld  not  exceed t h e  minimum s h e a r  s t r e n g t h  of  t h e  rock .  Th i s  
recommendation i s  m i s l e a d i n g  because a s  Equa t ions  (11)  th rough  (13)  show, i t  
g i v e s  v a l u e s  of  ~~l~ l a r g e r  than  t h o s e  used i n  p r a c t i c e .  The 
Mohr-Coulomb r e l a t i o n s h i p  between major and minor p r i n c i p a l  s t r e s s e s  a t  
f a i l u r e  c a n  be e x p r e s s e d  by Equa t ion  ( 1 1 ) :  

where: ol = major principal stress 
(3 3 = minor principal stress 

NO = ( l + s i n $ ) / ( l - s i n $ )  
c = cohesion 



Hendron [ 7 1 ]  showed t h a t  t h e  r e l a t i o n s h i p  between major and minor and 
p r i n c i p a l  s t r e s s e s  f o r  a  r o c k  could  a l s o  be approximated by Equa t ion  (12) :  

where : 0 1 = major p r i n c i p a l  s t r e s s  
K = a  c o n s t a n t  n u m e r i c a l l y  e q u a l  t o  N 
0 3 = minor p r i n c i p a l  s t r e s s  

4 
0 

a ( u l t )  = u n i a x i a l  compress ive  s t r e n g t h  

T h e r e f o r e ,  t h e  minimum s h e a r  s t r e n g t h  o r  t h e  maximum bond s t r e n g t h  of  a  rock  
can  be e s t i m a t e d  by s e t t i n g  Equa t ions  ( 1 1 )  and (12)  e q u a l  t o  each  o t h e r  and 
s o l v i n g  f o r  t h e  c o h e s i o n ,  "c": 

where: c = cohes ion ,  s h e a r  s t r e n g t h  

'a ( u l t )  
= u n i a x i a l  compress ive  s t r e n g t h  

N@ = ( 1  + s i n $ )  / ( 1  - s i n $ )  

Hendron [71]  r e p o r t e d  v a l u e s  of N between 4  and 6  f o r  s o f t  rocks  which 
would g i v e  a  v a l u e  f o r  -rult o f  20 '! p s i  (1 ,408 kPa) f o r  a  rock  w i t h  a n  
u n a x i a l  compress ive  s t r e n g t h  o f  1 , 0 0 0  p s i  (6 ,900  kPa) .  T h i s  bond s t r e s s  i s  
about  1 0  t i m e s  l a r g e r  t h a n  t h o s e  used i n  p r a c t i c e .  

I n  competent mass ive  r o c k s ,  100% c o r e  r e c o v e r y ,  -rult can  be assumed 
t o  be e q u a l  t o  t e n  p e r c e n t  of  t h e  u n i a x i a l  compress ive  s t r e n g t h  up t o  a  
maximum o f  609 p s i  (4 ,200  kPa) assuming t h a t  t h e  c r u s h i n g  s t r e n g t h  of  t h e  
g r o u t  i s  e q u a l  t o  o r  g r e a t e r  than  6,087 p s i  (42,000 kPa) [ 7 0 ] .  

When rock  s t r e n g t h  i n f o r m a t i o n  i s  n o t  a v a i l a b l e ,  u l t i m a t e  bond 
s t r e n g t h s  of  30 t o  50 p s i  (207 t o  345 kPa)  c a n  be used f o r  s o f t  sed imenta ry  
r o c k s ,  and 200 p s i  (1 ,380  kPa) can  be used f o r  component r o c k s .  The bond 
between t h e  tendon and t h e  g r o u t  w i l l  no rmal ly  f a i l  f i r s t  i f  t h e  bond 
between t h e  g r o u t  and t h e  rock  i s  g r e a t e r  t h a n  100  p s i  (690 kPa) .  

Multiunderreamed t i e b a c k s  have been i n s t a l l e d  i n  weak r o c k .  
Multiunderreamed t i e b a c k s  i n s t a l l e d  i n  a medium hard  t o  s o f t ,  s l i g h t l y  sandy 
s h a l e ,  a t  Newburgh Dam, Newburgh, I n d i a n a ,  had t h r e e  21 i n c h  (53.3 cm) 
d iamete r  underreams,  1 8  (45.7 cm) i n c h e s  l o n g ,  and a  9  i n c h  (22.9 cm) 
d iamete r  s h a f t .  They were t e s t e d  t o  1 ,500  k i p s  (6 ,675  kN) [ 7 2 ] .  

B . Cohes ion less  S o i l  Tiebacks  

Low-Pressure-Grouted Tiebacks  

Low-pressure-grouted t i e b a c k s  a r e  i n s t a l l e d  u s i n g  a n  e f f e c t i v e  g r o u t  
p r e s s u r e  l e s s  t h a n  150 p s i  (1 ,035 kPa) .  These t i e b a c k s  a r e  normal ly  
i n s t a l l e d  i n  a  c a s e d ,  r o t a r y - d r i l l e d ,  h o l e .  L i t t l e j o h n  [ 7 3 ]  i n d i c a t e d  t h a t  



t h e  u l t i m a t e  c a p a c i t y  of a  r o t a r y - d r i l l e d ,  low-pressure-grouted t i e b a c k  
cou ld  be e s t i m a t e d  by t h e  e m p i r i c a l  r e l a t i o n s h i v :  

where: P = u l t i m a t e  anchor c a p a c i t y  
1 = anchor  l e n g t h  
a  

n  = an e m p i r i c a l  f a c t o r  which a c c o u n t s  f o r  
d r i l l i n g  method, s o i l  p e r m e a b i l i t y ,  
overburden p r e s s u r e ,  and g r o u t  p r e s s u r e  

4 = a n g l e  of i n t e r n a l  f r i c t i o n  

The e m p i r i c a l  f a c t o r  "n" i s  based upon t h e  p e r m e a b i l i t y  of  t h e  s o i l .  In  
c o a r s e  sands  and g r a v e l s  w i t h  a  p e r m e a b i l i t y  g r e a t e r  t h a n  10-I  cm/sec . ,  
"n" r a n g e s  from 27.4 t o  41.1  k i p s / f t  (400 t o  600 kN/m). I n  f i n e  t o  medium 
sands  w i t h  a  p e r m e a b i l i t y  between 10-I  t o  10-3 cm/sec. ,  "n" r a n g e s  from 
8.9 t o  11.3 k i p s / f t  (130 t o  165 kN/m). These v a l u e s  were de te rmined  from 
t e s t s  on t i e b a c k s  i n s t a l l e d  u s i n g  4  i n c h  (102 mm) c a s i n g  and hav ing  a  
minimum s o i l  overburden  of  40 f e e t  (12.2 m). The g r o u t  p r e s s u r e  v a r i e d  from 
4 t o  145  p s i  (30 t o  1 , 0 0 0  kPa) .  

Because of  t h e  l a r g e  v a r i a t i o n s  i n  "n" and t h e  s m a l l  v a r i a t i o n  i n  
t a n  4 ,  Equa t ion  (14)  shou ld  n o t  be assumed t o  have any  p h y s i c a l  
s i g n i f i c a n c e .  The d a t a  cou ld  have been p r e s e n t e d  a s  a  l o a d  t r a n s f e r  r a t e  
p e r  l e n g t h  of a n c h o r .  

L i t t l e j o h n  [ 7 3 ]  a l s o  p r e s e n t e d  a n o t h e r  e q u a t i o n  f o r  e s t i m a t i n g  t h e  
u l t i m a t e  c a p a c i t y  of  low-pressure-grouted t i e b a c k s .  Th i s  e q u a t i o n  i n d i c a t e s  
t h a t  c a p a c i t y  i s  a  f u n c t i o n  of  anchor  geometry and s o i l  p a r a m e t e r s .  H i s  
r e l a t i o n s h i p  i s  g i v e n  by Equa t ion  (15) :  

( s h e a r  ) (end b e a r i n g )  

where: P 
A 

u l t i m a t e  anchor  c a p a c i t y  
r a t i o  of  t h e  c o n t a c t  p r e s s u r e  a t  t h e  anchor  w a l l  
i n t e r f a c e  t o  t h e  e f f e c t i v e  overburden p r e s s u r e  
e f f e c t i v e  u n i t  we igh t  o f  t h e  s o i l  
d e p t h  t o  t h e  t o p  of t h e  anchor  zone 
anchor  l e n g t h  
anchor  d i a m e t e r  
b e a r i n g  c a p a c i t y  f a c t o r  
d i a m e t e r  of  g r o u t  s h a f t  above anchor  zone 

L i t t l e j o h n  i n d i c a t e d  t h a t  " A "  i s  a  f u n c t i o n  of  t h e  i n s t a l l a t i o n  
t e c h n i q u e s .  When r o t a r y  d r i l l i n g  w i t h  c a s i n g  i s  u s e d ,  "A" r a n g e s  between 1 
and 2 .  I f  t h e  s o i l  i s  loosened  d u r i n g  t h e  d r i l l i n g ,  " A "  may be reduced t o  
approx imate ly  t h e  c o e f f i c i e n t  of e a r t h  p r e s s u r e  a t  r e s t ,  I$.,. Normally, 
"A" i s  assumed t o  be e q u a l  t o  1. The b e a r i n g  c a p a c i t y ,  f a c t o r  "B", i s  a  
f u n c t i o n  of  t h e  a n g l e  o f  s h e a r i n g  r e s i s t a n c e  of  t h e  s o i l  and t h e  r a t i o  h/D, 
and i t  i s  s i m i l a r  t o  t h e  b e a r i n g  c a p a c i t y  f a c t o r  N . L i t t l e j o h n  [ 7 3 ]  
recommended u s i n g  v a l u e s  of Nq which were d e v e l o p e l  by Berezantzeu [ 7 4 ]  
f o r  p i l e  f o u n d a t i o n s .  



Equat ion (15)  may n o t  be v a l i d  because i t  assumes r e l a t i o n s h i p s  which 
have no t  been t h e o r e t i c a l l y  e s t a b l i s h e d ,  and because  t h e  a n c h o r ,  and s h a f t  
d i a m e t e r s  canno t  be determined u n l e s s  t h e  t i e b a c k  i s  u n e a r t h e d .  

L i t t l e j o h n  [73]  and Nicholson C o n s t r u c t i o n  Company [ 7 2 ]  r e p o r t  t h a t  
Equat ion (16)  c a n  be used t o  e s t i m a t e  t h e  u l t i m a t e  c a p a c i t y  of  
low-pressure-grouted t i e b a c k s  i n  f i n e  t o  medium sands .  

P z pi  T D 1, t an  4 ( 1 6 )  

where P = u l t ima te  anchor capac i ty  

p i  = e f f e c t i v e  g rou t  p re s su re ,  maximum of 2 p s i / f t .  
D = anchor diameter 

= anchor l eng th  
= angle  of i n t e r n a l  f r i c t i o n  

Equat ion (16)  i s  a n o t h e r  form of Equat ion ( 1 4 ) .  By s e t t i n g  Equat ions  (14)  
and (16)  e q u a l  t o  e a c h  o t h e r ,  t h e  anchor  d i a m e t e r  i s  shown t o  be abou t  60 
i n c h e s  (23.6 cm) i f  n  = 1 5  k i p s / f t  (20.4 kN/m), and p i  = 8 0  p s i  
(552 kPa) .  Th i s  d i a m e t e r  i s  n o t  r e a s o n a b l e  and r a i s e s  a d d i t i o n a l  q u e s t i o n s  
about  t h e  v a l i d i t y  of  Equa t ions  (14)  and ( 1 6 ) .  

The w r i t e r  recommends t h a t  l o a d  t r a n s f e r  r a t e s  be used  t o  e s t i m a t e  t h e  
c a p a c i t y  o f  low-pressure-grouted t i e b a c k s  i n  c o h e s i o n l e s s  s o i l s .  Equa t ions  
( 1 4 ) ,  ( 1 5 ) ,  and ( 1 6 )  shou ld  n o t  be used f o r  e s t i m a t i n g  t h e i r  c a p a c i t i e s  
because t h e y  a r e  m i s l e a d i n g  and t h e y  have no a p p a r e n t  p h y s i c a l  
s i g n i f i c a n c e .  Load t r a n s f e r  r a t e s  of 5  t o  8  k i p s / f t  (73  t o  117  kN/m) f o r  
f i n e  t o  medium s a n d s  and 1 3  t o  25 k i p s / f t  (190 t o  365 kN/m) f o r  dense  s a n d s  
and g r a v e l s  c a n  be used t o  e s t i m a t e  t h e  c a p a c i t i e s  of  low-pressure-grouted 
t i e b a c k s  i n  sandy and g r a v e l l y  s o i l s .  

Hollow-Stem-Au~ered Tiebacks  

Cont inuous  hollow-stem a u g e r s  c a n  be used t o  i n s t a l l  t i e b a c k s  i n  s i l t y  
s a n d s ,  sandy r e s i d u a l  s o i l s ,  i n t e r b e d d e d  c l a y s  and s a n d s ,  and sands .  
Hollow-stem a u g e r s  do n o t  e f f e c t i v e l y  d r i l l  s o i l s  i f  c o b b l e s  o r  b o u l d e r s  a r e  
p r e s e n t .  Loss of  ground may r e s u l t  i n  c o h e s i o n l e s s  s o i l s  i f  a u g e r s  a r e  used 
t o  i n s t a l l  t i e b a c k s  which a r e  i n c l i n e d  a t  a n g l e s  l e s s  t h a n  30' from t h e  
h o r i z o n t a l ,  o r  below t h e  groundwater t a b l e .  Hollow-stem a u g e r s  a r e  wide ly  
used i n  t h e  United S t a t e s ,  but  t h e y  a r e  seldom used i n  Europe. 

The u l t i m a t e  c a p a c i t i e s  of  a  hollow-stem-augered t i e b a c k s  i n  sand a r e  
e m p i r i c a l l y  e s t i m a t e d .  Nolan [ 1 5 ]  r e p o r t e d  t h a t  hollow-stem-augered 
t i e b a c k s  i n  a  sand w i t h  d i s c o n t i n u o u s  l a y e r s  of  f o s s i l i f e r o u s  l i m e r o c k  were 
proof t e s t e d  t o  195.0 k i p s  (867.8 kN). He d i d  no t  p rov ide  any  d e t a i l s  
concern ing  t h e  i n s t a l l a t i o n .  I n  t h e  absence  of e x p e r i e n c e  w i t h  a  p a r t i c u l a r  
s o i l ,  Schnabel  Foundat ion Company [75]  u s e s  a  s h e a r  s t r e n g t h  o f  1000 ps f  
(47.9 kPa)  f o r  e s t i m a t i n g  t h e  u l t i m a t e  c a p a c i t y  of a  hollow-stem-augered 
t i e b a c k .  Carson [ 7 6 ]  i n d i c a t e d  t h a t  s i x t y  f o o t  (18.3 m) long  bored c o n c r e t e  
p i l e s  would have a  120 k i p  (534 kN) d e s i g n  load .  Using a  s a f e t y  f a c t o r  of 
2 ,  t h i s  would g i v e  a n  u l t i m a t e  s h e a r  s t r e n g t h  of abou t  1.25 k i p s / f t 2  
(59.9 kPa)  . 



P r e s s u r e - I n i e c t e d  Tiebacks  

P r e s s u r e - i n j e c t e d  t i e b a c k s  a r e  o n l y  i n s t a l l e d  i n  c o h e s i o n l e s s  s o i l s .  
They u s e  a n  e f f e c t i v e  g r o u t  p r e s s u r e  i n  e x c e s s  of 150 p s i  (1 ,035 kPa) .  
P r e s s u r e - i n j e c t e d  t i e b a c k s  u s e  a  d r i l l e d  o r  d r i v e n  c a s i n g  t o  s e a l  t h e  h o l e ,  
which a l l o w s  t h e  anchor  zone t o  be g rou ted  under h i g h  p r e s s u r e  d u r i n g  t h e  
e x t r a c t i o n  o f  t h e  c a s i n g .  

E s t i m a t i o n s  o f  t h e  u l t i m a t e  c a p a c i t y  of p r e s s u r e - i n j e c t e d  t i e b a c k s  a r e  
based upon f i e l d  e x p e r i e n c e .  To d a t e ,  no t h e o r e t i c a l  r e l a t i o n s h i p  h a s  been 
developed t o  a c c u r a t e l y  p r e d i c t  t h e i r  c a p a c i t i e s .  F igure  60 shows d e s i g n  
c u r v e s  developed by Ostermayer [ l l ]  f o r  p r e s s u r e - i n j e c t e d  t i e b a c k s .  These 
c u r v e s  show t i e b a c k  c a p a c i t y  a s  a  f u n c t i o n  of  anchor  l e n g t h .  The c u r v e s  
a l s o  show t h e  i n f l u e n c e  of  s o i l  t y p e ,  d e n s i t y ,  and u n i f o r m i t y .  Ostermayer 
d i d  n o t  u s e  t e s t  r e s u l t s  f o r  many t i e b a c k s  w i t h  a n  anchor  l e n g t h  l o n g e r  t h a n  
26.2 f t  ( 8  m), and most o f  t h e  t i e b a c k s  were no t  t e s t e d  t o  t h e i r  u l t i m a t e  
c a p a c i t y .  

High-Pressure-Grouted T ie  backs 

P o s t g r o u t i n g  c a n  be used t o  p l a c e  t h e  anchor  g r o u t  under h i g h  
p r e s s u r e .  Rotary  d r i l l i n g  i s  used t o  i n s t a l l  t h e  t i e b a c k ,  and a n  i n f l a t a b l e  
bag o r  packer  i s  used t o  i s o l a t e  t h e  anchor  l e n g t h  s o  t h e  g r o u t  can  be 
p r e s s u r i z e d .  S i n g l e  phase p o s t g r o u t i n g  o r  mul t iphased  p o s t g r o u t i n g  a r e  
p o s s i b l e  depending upon t h e  g r o u t i n g  method. Pos tg rou ted  t i e b a c k s  a r e  
d e s c r i b e d  i n  d e t a i l  on Page 159 and Pages 161--164. 

J o r g e  [ 7 7 ]  developed t h e  d e s i g n  c u r v e s  shown i n  F igure  61 f o r  
m u l t i p h a s e  p o s t g r o u t e d  t i e b a c k s  used by So le tanche .  These c u r v e s  show t h e  
u l t i m a t e  r a t e  o f  l o a d  t r a n s f e r  a s  a  f u n c t i o n  of  g r o u t i n g  p r e s s u r e .  It i s  
a p p a r e n t  t h a t  p r e s s u r e  h a s  a  s i g n i f i c a n t  e f f e c t  on t h e  r a t e  of  l o a d  t r a n s f e r  
f o r  p o s t g r o u t e d  t i e b a c k s  i n s t a l l e d  i n  s o i l .  The u l t i m a t e  t i e b a c k  c a p a c i t y  
of So le tanche  "IRP" t i e b a c k s  can  be e s t i m a t e d  by m u l t i p l y i n g  t h e  u l t i m a t e  
r a t e  o f  l o a d  t r a n s f e r  by t h e  anchor  l e n g t h .  

Table  6  summarized Bachy's  e x p e r i e n c e  w i t h  h igh-pressure -g rou ted  
t i e b a c k s  i n  c o h e s i o n l e s s  s o i l s  [ 7 8 ] .  It shou ld  be p o i n t e d  o u t  t h a t  Bachy 
d i d  n o t  u s e  g r o u t  p r e s s u r e  a s  a  v a r i a b l e  i n  deve lop ing  Table  6. P r e s s u r e s  
i n  e x c e s s  o f  200 p s i  (1 ,380 kPa)  were used f o r  each  t i e b a c k .  

When p r e s s u r e  i s  used t o  g r o u t  a n  anchor  i n  c o h e s i o n l e s s  s o i l s ,  t h e r e  
i s  g e n e r a l  agreement t h a t  anchor  d iamete r  i s  n o t  s i g n i f i c a n t  i n  d e t e r m i n i n g  
c a p a c i t y .  S ince  s m a l l  d i a m e t e r  d r i v e n  o r  r o t a r y  d r i l l e d  c a s i n g s  a r e  used t o  
i n s t a l l  h igh-pressure -g rou ted  t i e b a c k s ,  g r o u t  d i a m e t e r s  a r e  o f t e n  l e s s  t h a n  
6  i n c h e s  (152 mm). 

Regard less  o f  t i e b a c k  t y p e ,  h i g h  u l t i m a t e  c a p a c i t i e s  i n  e x c e s s  of 140 
k i p s  (623 kN) c a n  be developed i n  c o h e s i o n l e s s  s o i l s  w i t h  a  s t a n d a r d  
p e n e t r a t i o n  r e s i s t a n c e  g r e a t e r  t h a n  1 0  blows p e r  f o o t .  
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F igure  61. Ult imate  c a p a c i t y  of  p o s t g r o u t e d  t i e b a c k s ,  a f t e r  Jo rge  [ 7 7 ] .  

Table  6. U l t i m a t e  c a p a c i t y  of Bachy t i e b a c k s  i n  c o h e s i o n l e s s  s o i l s  [ 7 8 ] .  

S o i l  Type 

Dense sand and g r a v e l  
( w e l l  g raded  0 .4  mm 
t o  20 mm) 

Sand and g r a v e l  ( u n i -  
formly g raded  form 
0 .2  mrn t o  5 mm) 

F i n e  t o  medium s i l t y  
sand (20% s i l t ,  80% 
sand ,  0 .05 mm t o  2  mm) 
N = 36 b l o w s / f t  

Very l o o s e  f i n e  t o  f i n e  
sand (un i fo rmly  graded 
from 0.02 mm t o  0 . 5  mm) 

Grou t ing  Method 

s i n g l e  and m u l t i p h a s e  
p o s t g r o u t  ing  

- 

s i n g l e  and m u l t i p h a s e  
p o s t g r o u t i n g  

m u l t i p h a s e  p o s t g r o u t i n g  

m u l t i p h a s e  p o s t g r o u t i n g  

- 

U l t i m a t e  Capac i ty  

g r e a t e r  t h a n  340 k i p s  
(1513 kN) 

between 180 k i p s  and 
340 k i p s  
(801  kN and 1513 kN) 

between 200 k i p s  and 
250 k i p s  
(890 kN and 1112.5  kN) 

180 k i p s  
(801  kN) 



C. Cohesive S o i l  Tiebacks  

Low-Pressure-Grouted Tiebacks  

Low-pressure-grouted t i e b a c k s  i n  a  cohes ive  s o i l  a r e  i n s t a l l e d  u s i n g  a n  
e f f e c t i v e  g r o u t  p r e s s u r e  less t h a n  150  p s i  (1 ,035 kPa) .  When t i e b a c k s  i n  
cohes ive  s o i l s  a r e  n o t  p o s t g r o u t e d ,  t h e  g r o u t  p r e s s u r e  i s  normal ly  l e s s  t h a n  
150  p s i  (1 ,035 k P a ) ,  and e q u a l  t o  t h e  p r e s s u r e  which w i l l  f r a c t u r e  t h e  
ground. I f  f r a c t u r e s  deve lop ,  g r o u t  can  be c o n t i n u o u s l y  pumped i n t o  t h e  
s o i l  wi thou t  a n y  i n c r e a s e  i n  g r o u t  p r e s s u r e .  Ground heave r e s u l t s  from 
con t inuous  pumping and s t r u c t u r e s  o v e r l y i n g  t h e  t i e b a c k  may be damaged. 

S t r a i g h t - s h a f t e d  t i e b a c k s  a r e  t h e  most common type  used i n  c o h e s i v e  
s o i l s .  They a r e  made u s i n g  hollow-stem a u g e r s  o r  by t r e m i e  g r o u t i n g  a n  open 
d r i l l  h o l e .  

Low-pressure-grouted t i e b a c k s  i n  c l a y s  a r e  assumed t o  have a  uniform 
r a t e  of l o a d  t r a n s f e r  a l o n g  t h e i r  l e n g t h s .  T e s t s  measur ing t h e  a c t u a l  load  
d i s t r i b u t i o n  a r e  i n c l u d e d  i n  Chapter  9. Equa t ion  (17)  i s  used t o  e s t i m a t e  
t h e  u l t i m a t e  c a p a c i t y  of  low-pressure-grouted,  s t r a i g h t - s h a f t e d  t i e b a c k s  i n  
c l a y .  

P = r D 1  a c  a u  (17)  

where: P = ultimate anchor capacity 
D = anchor diameter 
'a = anchor length 
a = adhesion factor 

u  = average undrained shear strength 

Table 7  c o n t a i n s  measured adhes ion  v a l u e s  r e p o r t e d  i n  t h e  l i t e r a t u r e .  Hanna 
[ 8 3 ]  h a s  recommended u s i n g  a n  adhes ion  v a l u e  of  0.3 f o r  d e s i g n  i f  t h e r e  i s  
no e x p e r i e n c e  w i t h  a  p a r t i c u l a r  s o i l .  

The u l t i m a t e  c a p a c i t y  of s t r a i g h t - s h a f t e d  t i e b a c k s  i n  c l a y  c a n  a l s o  be 
e s t i m a t e d  by Equa t ion  ( 1 8 ) :  

where: P = ultimate anchor capacity 
D = anchor diameter 

la = anchor length 

£5- = ultimate skin friction between the grout and the 
soil 

Schnabel Foundat ion Company [ 7 5 ]  used a  maximum s k i n  f r i c t i o n  v a l u e  o f  1 ,000  
psf  (47.9 kPa)  u n l e s s  e x p e r i e n c e  h a s  i n d i c a t e d  t h a t  a  l a r g e r  v a l u e  can  be 
used.  When t h e  undra ined  s h e a r  s t r e n g t h  o f  t h e  c l a y  i s  l e s s  t h a n  1 , 0 0 0  psf  
(47.9 k P a ) ,  Schnabel  u s e s  a n  u l t i m a t e  s k i n  f r i c t i o n  v a l u e  e q u a l  t o  t h e  
undra ined  s h e a r  s t r e n g t h .  

Tomlinson [ 8 4 ] ,  Peck [ 8 5 ] ,  and Woodward, e t  a 1  [ 8 6 ] ,  have r e p o r t e d  t h a t  
t h e  u l t i m a t e  v a l u e  o f  s k i n  f r i c t i o n  f o r  a  p i l e  i n  a  s t i f f  c l a y  i s  l i k e l y  t o  
be l e s s  t h a n  50% of  t h e  undra ined  s h e a r  s t r e n g t h  of  t h e  c l a y .  A s i m i l a r  
r e d u c t i o n  i s  r e a s o n a b l e  f o r  t i e b a c k s  i n s t a l l e d  i n  a  s t i f f  c o h e s i v e  s o i l .  



Tieback  and  p i l e  e x p e r i e n c e  i n d i c a t e s  t h a t  t h e  u l t i m a t e  c a p a c i t y  o f  
l ow-pres su re -g rou ted ,  s t r a i g h t - s h a f  t e d  t i e b a c k s  i n  c l a y  c a n  be e s t i m a t e d  by 
E q u a t i o n  ( 1 8 ) .  The a d h e s i o n  f a c t o r  ":I" s h o u l d  be e q u a l  t o  1 f o r  c l a y s  w i t h  
u n d r a i n e d  s h e a r  s t r e n g t h  l e s s  t h a n  1 , 0 0 0  ps f  (47.9 k P a )  and i t  s h o u l d  
d e c r e a s e  t o  a  minimum of  0 .3  a s  t h e  s t r e n g t h  i n c r e a s e s .  

T a b l e  7 .  Summary o f  r e p o r t e d  a d h e s i o n  f a c t o r s .  

I S o i l  Type 1 S o i l  S t r e n g t h  

S t i f f  London C lay  I Cu 1880 psf  

1 ( 9 . 0  kPa) 

S t i f f  o v e r c o n s o l i d a t e d  Cu = 5639 ps f  
c l a y  a t  T a r a n t a ,  I t a l y  (27 .0  kPa) 

S t i f f  t o  v e r y  s t i f f  m a r l  Cu = 5994 ps f  
a t  L e i c e s t e r ,  England (28 .7  kPa) 

S t i f f  c l a y e y  s i l t  a t  I Cu = 1984 psf  
J o h a n n e s b u r g ,  S o u t h  ( 9 . 5  kPa) 
Af r i c a  

H e a v i l y  o v e r c o n s o l i d a t e d  I Cu = 1041  psf  
c l a y  i n  Sweden 1 ( 5 . 0  kPa) 

i -- - - -. - - - 

Source  

Single-underreamed t i e b a c k s  a r e  u s e d  i n  c o h e s i v e  s o i l s  i n  t h e  Un i t ed  
S t a t e s .  They d e v e l o p  c a p a c i t y  f rom f r i c t i o n  a l o n g  t h e  s h a f t ,  and b e a r i n g  on  
t h e  underream.  E q u a t i o n  (19 )  c a n  be used  t o  e s t i m a t e  t h e  u l t i m a t e  c a p a c i t y  
o f  a s ing le -unde r reamed  t i e b a c k .  

where: P = u l t ima te  anchor capac i ty  
a = adhesion f a c t o r  

C u = average undrained shear  s t r e n g t h  
s = s h a f t  l eng th  

D s = s h a f t  diameter 
DU = underreamed diameter 
N c = bearing capac i ty  f a c t o r  = 9 

The a d h e s i o n  f a c t o r  "a", i n  E q u a t i o n  ( 1 9 ) ,  i s  e q u a l  t o  t h e  v a l u e  used  i n  
E q u a t i o n  ( 1 7 ) .  



Multiunderreamed t i e b a c k s  were developed f o r  u s e  i n  s t i f f  London c l a y .  
L i t t l e j o h n  [ 5 ]  h a s  s t a t e d  t h a t  underreamed t i e b a c k s  a r e  i d e a l l y  s u i t e d  t o  
London c l a y  w i t h  a n  undra ined  s h e a r  s t r e n g t h  g r e a t e r  t h a n  1 ,880  psf  
(90 kPa) .  He r e p o r t e d  t h a t  underreamed t i e b a c k s  have been made i n  London 
c l a y  w i t h  a  s h e a r  s t r e n g t h  of  1 ,044 psf (50 kPa) ,  but  t h a t  l o c a l  c o l l a p s e  of  
t h e  underreams o r  breakdown o f  t h e  s h a f t  between underreams i s  common when 
t h e  s h e a r  s t r e n g t h  i s  below 1 ,462  psf  (70 kPa) .  These c o n s t r u c t i o n  ,roblems 
l i m i t  t h e  u s e  o f  underreamed t i e b a c k s  t o  s t i f f  o r  v e r y  s t i f f  c l a y s .  

Multiunderreamed t i e b a c k s  i n  c l a y  a r e  assumed t o  deve lop  c a p a c i t y  from 
adhes ion  a l o n g  t h e  s h a f t  above t h e  underreams, end b e a r i n g  of  t h e  f i r s t  
underream, and s h e a r  a l o n g  a  c y l i n d e r  e s t a b l i s h e d  by t h e  t i p s  of  t h e  
underreams. Equa t ion  (20)  was proposed by bo th  L i t t l e j o h n  [73]  and B a s s e t t  
[87]  t o  accoun t  f o r  each  one of t h e  components. 

where: P 
0. 

D s 

ultimate anchor capacity 
adhesion factor 
shaft diameter 
shaft length 
average undrained shear strength 
bearing capacity factor 
underreamed diameter 
reduction coefficient 
length of underreamed portion of anchor 

L i t t l e j o h n ' s  form o f  Equa t ion  (20)  had f u  = 1 .0 ,  Nc = 9.0 ,  and a = 0.3 
t o  0.35. L i t t l e j o h n ' s  e q u a t i o n  was developed f o r  t h e  Cementation P i l i n g  and 
Founda t ions '  b rush  underreamer.  Th i s  underreamer i s  b a s i c a l l y  a n  expanded 
w i r e  b rush  which i s  r o t a t e d  and g r a d u a l l y  expanded a s  i t  a b r a d e s  t h e  s u r f a c e  
of  t h e  d r i l l  h o l e .  B a s s e t t ' s  form of  Equa t ion  (20)  h a s  f u  = 0.75 t o  0.95, 
Nc = 6 t o  1 3 ,  and a = 0.3  t o  0.6. B a s s e t t ' s  r e l a t i o n s h i p  was developed 
f o r  t h e  b l a d e  c u t t e r  o f  U n i v e r s a l  Anchorage C o n t r a c t o r s ,  L td .  The s p a c i n g  
of t h e  underreams d e t e r m i n e s  i f  a  s h e a r  f a i l u r e  o c c u r s  a l o n g  a  c y l i n d e r  
e s t a b l i s h e d  by t h e i r  t i p s .  I f  t h e  spac ing  becomes t o o  l a r g e ,  t h e  f a i l u r e  
s u r f a c e  w i l l  n o t  occur  a l o n g  t h e  c y l i n d r i c a l  s u r f a c e  e s t a b l i s h e d  by t h e  
underreams, bu t  w i l l  i n t e r s e c t  t h e  s h a f t  between underreams. B a s s e t t  [87]  
i n d i c a t e d  t h a t  t h e  underreams a r e  made a t  a  spac ing  e q u a l  t o  abou t  1 .5  t i m e s  
t h e i r  d i a m e t e r .  Model s t u d i e s  i n d i c a t e  t h a t  t h e  underreams c o u l d  be spaced 
between 2  o r  2.5 t i m e s  t h e  d i a m e t e r  of t h e  underreams [ 8 7 ] .  

High-Pressure-Grouted Tiebacks  

High-pressure-grouted t i e b a c k s  i n  a  cohes ive  s o i l  a r e  i n s t a l l e d  u s i n g  a  
g r o u t  p r e s s u r e  g r e a t e r  t h a n  150  p s i  (1 ,035  kPa) .  I t  i s  t h e  w r i t e r ' s  o p i n i o n  
t h a t  o n l y  p o s t g r o u t i n g  c a n  be used t o  o b t a i n  t h e s e  h i g h  g r o u t  p r e s s u r e s  i n  a  
cohes ive  s o i l s .  P o s t g r o u t i n g  i s  d e s c r i b e d  on Page 159 and Pages 161--164. 
Without p o s t g r o u t i n g ,  c l a y  s o i l s  a r e  f r a c t u r e d  a t  a  g r o u t  p r e s s u r e  l e s s  t h a n  
150  p s i  (1 ,035 kPa) .  

The mechanism by which a  pos tg rou ted  t i e b a c k  deve lops  i t s  c a p a c i t y  i s  
no t  comple te ly  unders tood .  It h a s  been demonstra ted  t h a t  p o s t g r o u t i n g  



i n c r e a s e d  t h e  d i a m e t e r  o f  t h e  anchor  by b r e a k i n g  t h e  o r i g i n a l  g rou t  body and 
f o r c i n g  wedges o f  g r o u t  outward a g a i n s t  t h e  s o i l .  The s k i n  f r i c t i o n  between 
t h e  g r o u t  and s o i l  may a l s o  be i n c r e a s e d  by p o s t g r o u t i n g .  

J o r g e  [ 7 7 ] ,  Ostermayer [ l l ] ,  Goldberg,  e t  a 1  [ 8 8 ] ,  Bustamante [ 8 9 ] ,  and 
Bachy [78]  have p r e s e n t e d  t h e  r e s u l t s  o f  t e s t s  performed on pos tg rou ted  
t i e b a c k s  i n  c l a y .  Table  8 summariz'es t h e s e  t e s t s .  These i n v e s t i g a t o r s  d i d  
n o t  p rov ide  i n f o r m a t i o n  about  t h e  p o s t g r o u t i n g  sys tem,  d r i l l i n g  methods,  o r  
a  complete  s o i l  d e s c r i p t i o n .  To d a t e ,  no one h a s  pub l i shed  a  r e l a t i o n s h i p  
f o r  e s t i m a t i n g  t h e  c a p a c i t y  o f  p o s t g r o u t e d  t i e b a c k s  i n  c l a y .  Each t i e b a c k  
c o n t r a c t o r  u s e s  e x p e r i e n c e  t o  e s t i m a t e  t h e  u l t i m a t e  c a p a c i t y  o f  t i e b a c k s  
i n s t a l l e d  by h i s  p a r t i c u l a r  t e c h n i q u e s .  

The g e n e r a l  consensus  i s  t h a t  p o s t g r o u t i n g  improves t h e  c a p a c i t y  o f  
t i e b a c k s  i n  c o h e s i v e  s o i l s .  Depending on t h e  s o i l  and t h e  p o s t g r o u t i n g  
sys tem,  i n c r e a s e s  r a n g i n g  from 25% t o  more t h a n  300% a r e  common. 

M I N I M U M  UNBONDED, ANCHOR, AND TOTAL TIEBACK LENGTH 

The unbonded l e n g t h  o f  a  t i e b a c k  must be long  enough t o  p l a c e  t h e  
anchor  i n  s o i l  o r  rock  which would n o t  be a f f e c t e d  by movement o f  t h e  
s t r u c t u r e .  For a ' w a l l ,  t h e  unbonded l e n g t h  should  p l a c e  t h e  anchor  behind 
t h e  c r i t i c a l  f a i l u r e  s u r f a c e  ( s e e  F igure  62) .  Without t h e  t i e b a c k ,  t h e  
f a c t o r  o f  s a f e t y  a g a i n s t  s l i d i n g  a l o n g  t h e  c r i t i c a l  f a i l u r e  s u r f a c e  i s  one.  
A minimum unbonded l e n g t h  o f  15 f e e t  (4 .50  m) shou ld  be used t o  avo id  h i g h  
load l o s s e s  a s  a  r e s u l t  o f  long-term s t e e l  r e l a x a t i o n ,  c r e e p  i n  t h e  s o i l ,  
anchorage s e a t i n g  l o s s e s ,  and s t r u c t u r a l  de fo rmat ions .  

C r i t i c a l  F a i l u r e  Surface-, 

F i g u r e  62.  De te rmina t ion  o f  t h e  unbonded and t o t a l  t i e b a c k  length. 

The t o t a l  t i e b a c k  l e n g t h  should  be s e l e c t e d  s o  t h e  t i e b a c k s  a r e  
anchored i n  s o i l  o r  rock  which i s  s t a b l e .  For t h e  w a l l  shown i n  F igure  62,  
a  s t a b i l i t y  a n a l y s i s  c a n  be used t o  c a l c u l a t e  t h e  f a c t o r  o f  s a f e t y  a g a i n s t  
s l i d i n g  a l o n g  t h e  most  p robab le  f a i l u r e  s u r f a c e  through t h e  ends  o f  t h e  



T a b l e  8.  C a p a c i t i e s  of p o s t g r o u t e d  t i e b a c k s  i n  c l a y .  

I -  -7- soil Propert+as Calculated 
Skin Prlctlon u1tiut. 

Tlobrck 
capacity 
(kip#) 

*/post v/out post 
grouting groutmg 

Vary utlff to -- 
hard sdndy s ~ l t ,  
m.dium plast~city 
iMdrl1 

Very stiff clay, 
nmdlum plasticity 
(Marl) i -- 

i Very otiff clay, 
lrudlum to hlgh 
plastlc1ty I -- 
Stiff clay, 
lnrdlum to high 
plasticity 

Silt, medlum 

I -- 
- - 

plasticity 

Stiff to very - - 
ut1ff clay, I cdium pla8tIcity 

1 ~ l a s t ~ c  clay 0.7-11.6 

29.0 I - - 
(2 groutinga) 

Plast~c clay 8.7-11.6 
- - 

(3 groutings) 

48 .4  
(1 grouting) 

118.7 
(2 qroutingL1 

164.6 
(3 qroutinqs) 

51.1 
(1 groutlnql 

157.2 
(2 groutings) 

211.7 
( 3  groutingal 

24.0 , 

I1 qroutinq) 

51.5 
(2 qroutingsl 

119.8 
13 groutingal 

119.8 
(2 qroutings: 

UL - W where; 
(1) I c  - - 

WL - U 
wL - llquid limit 
W - natural water content 
w - plastic limlt 

P 



t i e b a c k s .  I f  t h e  f a c t o r  of  s a f e t y  i s  no t  s a t i s f a c t o r y ,  t h e  t i e b a c k  l e n g t h  
can  be i n c r e a s e d .  Schnabel [ g o ]  d i s c u s s e s  t h e  s t a b i l i t y  of t i e d b a c k  
s t r u c t u r e s .  Morgenstern and Sangrey [91]  p r e s e n t  a good summary of l i m i t  
e q u i l i b r i u m  s t a b i l i t y  methods,  and Ranke and Ostermayer [ 9 2 ]  p r e s e n t  a n  
a n a l y s i s  based on c a l c u l a t i n g  t h e  f o r c e  r e q u i r e d  t o  d i s l o d g e  a  b lock  of s o i l  
c o n t a i n i n g  t h e  t i e b a c k s .  For t h e  t a n k  shown i n  F igure  63,  t h e  bouyant 
weight of t h e  c r o s s h a t c h e d  s o i l  o r  r o c k  mass must e q u a l  t h e  h y d r o s t a t i c  
u p l i f t  f o r c e  a c t i n g  on t h e  bottom of t h e  t a n k ,  t i m e s  t h e  f a c t o r  of  s a f e t y .  
The s t a b i l i t y  of a  t a n k  i s  a  f u n c t i o n  of t i e b a c k  l e n g t h  r e g a r d l e s s  of  t h e  
i n d i v i d u a l  t iedown c a p a c i t y .  

F igure  63. De te rmina t ion  of t h e  t o t a l  t iedown l e n g t h .  

Tieback c o n t r a c t o r s  normal ly  p rov ide  a  minimum anchor  l e n g t h  of 1 5  f e e t  
(4 .58 m) f o r  s t r a i g h t - s h a f t e d  t i e b a c k s .  

Observa t ions  

Today, t h e  e s t i m a t i o n  of  t i e b a c k  c a p a c i t y  i s  based on f i e l d  e x p e r i e n c e  
o r  e m p i r i c a l  r e l a t i o n s h i p s .  The r e l a t i o n s h i p s  o r  g raphs  t h a t  have been 
p r e s e n t e d  i n  t h i s  c h a p t e r  a r e  based on a c t u a l  t i e b a c k  t e s t s .  However, i n  
many c a s e s ,  t h e y  were developed from a  s m a l l  number of  t e s t s ,  and t h e s e  
t e s t s  were performed on un ique  t i e b a c k s  sys tems a t  o n l y  one o r  two s i t e s .  

The s t a t e - o f - t h e - a r t  h a s  n o t  p rogressed  t o  t h e  s t a g e  where t h e  l o a d  
t r a n s f e r  mechanism f o r  t h e  v a r i o u s  t y p e s  of  t i e b a c k s  a r e  comple te ly  
unders tood .  The w r i t e r  b e l i e v e s  t h a t  t h e  i n f o r m a t i o n  provided i n  t h i s  
c h a p t e r  can  be used by t h e  d e s i g n e r  t o  de te rmine  whether  o r  n o t  a  t i e b a c k  
can  be i n s t a l l e d  i n  a  p a r t i c u l a r  s o i l ,  and t o  e s t i m a t e  r a n g e s  of  u l t i m a t e  
c a p a c i t y  t h a t  may be o b t a i n e d .  I n  most c a s e s ,  t h e  d e s i g n e r  d o e s  n o t  need t o  
s p e c i f y  t h e  t i e b a c k  t y p e  o r  c a p a c i t y .  The most economical  i n s t a l l a t i o n  w i l l  
be o b t a i n e d  i f  t h e  d e s i g n  w i l l  e n a b l e  t h e  t i e b a c k  c o n t r a c t o r  t o  s e l e c t  t h e  
t i e b a c k  t y p e  and t h e  c a p a c i t y .  The d e s i g n e r  should  s p e c i f y  t h e  minimum 
unbonded l e n g t h ,  t h e  minimum t o t a l  l e n g t h ,  and t h e  u n i t  t i e b a c k  c a p a c i t y  
r e q u i r e d .  F i n a l l y ,  each  p r o d u c t i o n  t i e b a c k  must be t e s t e d  t o  v e r i f y  t h a t  
t h e  anchor  c a n  c a r r y  t h e  d e s i g n  l o a d  o v e r  i t s  s e r v i c e  l i f e .  T e s t i n g  i s  
d i s c u s s e d  i n  Chapter  1 0 .  



CHAPTER 7  - SPECIFICATION OF TIEBACK WORK 

Th i s  c h a p t e r  c o n t a i n s  recommendations f o r  t h e  s p e c i f i c a t i o n  of 
permanent t i e b a c k  work. The s p e c i f i c a t i o n s  a r e  d i f f i c u l t  t o  p r e p a r e  s i n c e  
some of t h e  t i e b a c k  sys tems o r  c o r r o s i o n  p r o t e c t i o n  methods a r e  p a t e n t e d ,  
and many c o n t r a c t o r s  have developed unique i n s t a l l a t i o n  methods.  It i s  
v i r t u a l l y  i m p o s s i b l e  f o r  t h e  d e s i g n e r  t o  be f a m i l i a r  w i t h  a l l  t h e  v a r i o u s  
t i e b a c k  sys tems  which a r e  used.  T h e r e f o r e ,  t h e  d e s i g n e r  needs  t o  p r e p a r e  a  
s p e c i f i c a t i o n  t h a t  w i l l  e s t a b l i s h  a  q u a l i t y  l e v e l  wi thou t  e l i m i n a t i n g  
s u i t a b l e  p r o p r i e t a r y  sys tems o r  methods.  The s p e c i f i c a t i o n s  shou ld  e n a b l e  
q u a l i f i e d  c o n t r a c t o r s  t o  u s e  t h e i r  e x p e r i e n c e  ga ined  on p r e v i o u s  jobs .  

PERFORMANCE SPECIFICATION 

A performance s p e c i f i c a t i o n  which e s t a b l i s h e s  a  q u a l i t y  l e v e l  and 
d e s c r i b e s  t h e  d e s i r e d  e n d - r e s u l t s  e n a b l e s  t h e  d e s i g n e r  and t h e  c o n t r a c t o r  t o  
u s e  t h e i r  e x p e r i e n c e  and e x p e r t i s e .  The d e s i g n e r  e s t a b l i s h e s  t h o s e  t h i n g s  
which a f f e c t  h i s  d e s i g n ,  and he s p e c i f i e s  a  t i e b a c k  t e s t i n g  p rocedure  and 
moni to r ing  requ i rements  t o  v e r i f y  performance.  The i n s t a l l a t i o n  methods,  
and t h e  development of t h e  t i e b a c k  c a p a c i t y  shou ld  be t h e  r e s p o n s i b i l i t y  of 
t h e  c o n t r a c t o r .  T h i s  e n a b l e s  t h e  c o n t r a c t o r  t o  p rov ide  h i s  most economical  
t i e b a c k ,  and s t i l l  s a t i s f y  t h e  requ i rements  of  t h e  d e s i g n .  The d e s i g n e r  and 
t h e  c o n t r a c t o r  w i l l  s h a r e  t h e  r e s p o n s i b i l i t y  f o r  t h e  work. 

The Swiss Standard [57] i s  a  performance s p e c i f i c a t i o n  and i t  o u t l i n e s  
t h e  r e s p o n s i b i l i t i e s  o f  t h e  d e s i g n e r  and t h e  c o n t r a c t o r .  The d e s i g n e r  i s  
r e q u i r e d  t o :  

1 )  P rov ide  a  d e t a i l e d  g e o t e c h n i c a l  s i t e  i n v e s t i g a t i o n .  
2 )  Determine t h e  d e s i g n  l o a d .  
3 )  S p e c i f y  a  t e s t i n g  procedure  and accep tance  c r i t e r i o n .  
4 )  E s t i m a t e  t h e  s e t t l e m e n t  of a d j a c e n t  s t r u c t u r e s  and e s t a b l i s h  

p e r m i s s i b l e  de fo rmat ions .  
5 )  S p e c i f y  t h e  t i e b a c k  c l e a r a n c e  around u t i l i t i e s .  
6 )  P r o v i d e  i n s t a l l a t i o n  t o l e r a n c e s .  
7 )  Rate  t h e  r i s k  a s s o c i a t e d  w i t h  t h e  work, and e s t a b l i s h  t h e  s a f e t y  

f a c t o r s .  
8 )  Determine t h e  unbonded l e n g t h ,  and minimum t o t a l  l e n g t h .  
9 )  Determine t h e  lock-off  l o a d .  

1 0 )  Determine t h e  moni to r ing  requ i rements  . 
1 1 )  Desc r ibe  t h e  l e v e l  o f  c o r r o s i o n  p r o t e c t i o n  r e q u i r e d  and e v a l u a t e  

t h e  c o n t r a c t o r ' s  proposed c o r r o s i o n  p r o t e c t i o n  sys tem.  

The Swiss s t a n d a r d  r e q u i r e s  t h e  c o n t r a c t o r  t o :  

1 )  Design t h e  tendon. 
2 )  S e l e c t  t h e  i n s t a l l a t i o n  method. 
3 )  S e l e c t  t h e  anchor  l e n g t h .  
4 )  Propose t h e  c o r r o s i o n  p r o t e c t i o n  system. 
5 )  Be r e s p o n s i b l e  f o r  t h e  c o n t r a c t  compliance of  t h e  m a t e r i a l s  used .  



6 )  Guarantee  t h e  t i e b a c k  c a p a c i t y .  
7 )  Obta in  t h e  r e q u i r e d  unbonded l e n g t h .  
8 )  P rov ide  t h e  r e q u i r e d  r e c o r d s .  

The French Recommendation [ 5 3 ] ,  t h e  F I P  Rules  [ 5 8 ] ,  t h e  German 
S tandards  [ 5 5 ]  and [ 5 6 ] ,  and t h e  PTT Recommendation [ 5 9 ] ,  a r e  a l s o  
performance s p e c i f i c a t i o n s .  They e s t a b l i s h  q u a l i t y  l e v e l s  w i t h o u t  
s p e c i f y i n g  t i ebaCk t y p e .  They a l s o  r e c o g n i z e  t h a t  most t i e b a c k  sys tems have 
been developed by c o n t r a c t o r s ,  and many of t h e  methods a r e  p a t e n t e d .  

CLOSED SPECIFICATIONS 

I n  c o n t r a s t  t o  European p r a c t i c e ,  American d e s i g n e r s  o f t e n  d e s i g n  t h e  
complete  t i e b a c k  i n s t a l l a t i o n .  They s p e c i f y  t h e  type  of  t i e b a c k ,  t h e  
c o r r o s i o n  p r o t e c t i o n  sys tem,  t h e  t i e b a c k  c a p a c i t y ,  t h e  i n s t a l l a t i o n  methods,  
and t h e  t e s t i n g  p rocedures .  The c o n t r a c t o r  i s  r e q u i r e d  t o  submit  m a t e r i a l  
c e r t i f i c a t i o n s ,  and i n s t a l l  t h e  t i e b a c k s  i n  accordance w i t h  t h e  
s p e c i f i c a t i o n .  When t h i s  c o n t r a c t i n g  method i s  used t h e  e n g i n e e r  o r  owner 
i s  r e s p o n s i b l e  f o r  performance,  i f  t h e  c o n t r a c t o r  compl ies  w i t h  t h e  
s p e c i f i c a t i o n s .  T h i s  form of  s p e c i f i c a t i o n  does  n o t  e n a b l e  t h e  exper ienced  
c o n t r a c t o r  t o  make b e s t  u s e  of  h i s  p a t e n t s  o r  e x p e r t i s e ,  and i t  encourages  
c o n t r a c t o r s  n o t  f a m i l i a r  w i t h  t i e b a c k  work t o  b i d .  I f  t h e  i n e x p e r i e n c e d  
c o n t r a c t o r  o b t a i n s  t h e  work, t h e n  t h e  owner must be p repared  t o  d i r e c t  t h e  
c o n t r a c t o r ' s  work i f  t h e  t i e b a c k s  f a i l .  T h i s  t y p e  of s p e c i f i c a t i o n  does  n o t  
g u a r a n t e e  low p r i c e s ;  i n  f a c t ,  h i g h e r  p r i c e s ,  change o r d e r s ,  and d e l a y s  
o f t e n  r e s u l t  when t h e  wrong t i e b a c k  sys tems  o r  d r i l l i n g  methods a r e  
s p e c i f i e d  . 

The working g roup ,  who developed t h e  French Recommendations [ 531 
recognized t h a t  c l o s e d  s p e c i f i c a t i o n s  shou ld  n o t  he used f o r  t i e b a c k  work. 
They s t a t e d  t h a t  t i e b a c k  t e c h n i q u e s  were e v o l u t i o n a r y  i n  n a t u r e ,  and i t  was 
impor tan t  n o t  t o  " f r e e z e "  t h e  t echno logy  by r i g i d  s p e c i f i c a t i o n s .  The 
French committee a l s o  i n d i c a t e d  t h a t  t h e  s p e c i f i c a t i o n  cannot  r e p l a c e  t h e  
p r o f e s s i o n a l  e x p e r i e n c e  and c o n s c i o u s n e s s  of  t h e  c o n t r a c t o r ' s  p e r s o n n e l  a t  
a l l  l e v e l s .  

PREQUALIFICATION 

The d e s i g n e r  may r e q u i r e  t h e  p r e q u a l i f i c a t i o n  of  t h e  t i e b a c k  
c o n t r a c t o r .  The p r e q u a l i f i c a t i o n  may be based on e x p e r i e n c e ,  o r  a  l i s t  of 
a c c e p t a b l e  c o n t r a c t o r s  may be i n c l u d e d  i n  t h e  s p e c i f i c a t i o n .  An a l t e r n a t e  
t y p e  of p r e q u a l i f i c a t i o n  shou ld  be t r i e d  and e v a l u a t e d  f o r  permanent t i e b a c k  
work. The s p e c i f i c a t i o n  would r e q u i r e  t h e  submiss ion and a p p r o v a l  o f  t h e  
t i e b a c k  system d e s i g n ,  and t h e  c o r r o s i o n  p r o t e c t i o n  method p r i o r  t o  b i d .  
The submiss ion  must be d e t a i l e d  enough f o r  t h e  d e s i g n e r  t o  d e t e r m i n e  whether 
o r  n o t  h i s  d e s i g n  i s  s a t i s f i e d .  Th i s  method would e n a b l e  t h e  c o n t r a c t o r  t o  
know i f  h i s  p r o p r i e t a r y  t e c h n i q u e s  would be a c c e p t a b l e ,  and t o  p r o v i d e  t h e  
most economical  i n s t a l l a t i o n .  P r e p a r a t i o n  and rev iew of t h e  s u b m i t t a l  would 
n o t  r e q u i r e  a  s u b s t a n t i a l  e f f o r t ,  and t h i s  c o n t r a c t i n g  p r a c t i c e  would 
encourage a l t e r n a t e  t i e b a c k  t y p e s ,  con t inued  t i e b a c k  development ,  and t h e  

most economical  t i e b a c k .  



SAMPLE PERMANENT TIEBACK SPECIFICATION 

(NOTE: The dimensions  g i v e n  a r e  provided f o r  example purposes  
o n l y .  They a r e  n o t  i n t e n d e d  t o  be used f o r  o t h e r  a p p l i c a t i o n s . )  

Scope of t h e  Work 

T h i s  s e c t i o n  o f  t h e  s p e c i f i c a t i o n  d e s c r i b e s  t h e  m a t e r i a l s ,  
l a b o r ,  and equipment r e q u i r e d  f o r  t h e  i n s t a l l a t i o n  and moni to r ing  of 
t h e  permanent t i e b a c k s  shown o n  t h e  c o n t r a c t  drawings .  

Tieback C a ~ a c i t v  

The c o n t r a c t o r  s h a l l  b e  r e s p o n s i b l e  f o r  o b t a i n i n g  t h e  d e s i r e d  
t i e b a c k  c a p a c i t y  i n  accordance w i t h  t h e  t i e b a c k  t e s t i n g  s e c t i o n  of  
t h i s  s p e c i f i c a t i o n .  (The e n g i n e e r  can use  one of t h e  f o l l o w i n g  
a l t e r n a t e s .  ) 

1 )  A l t e r n a t e  A: The c o n t r a c t  drawings  c o n t a i n  a  l o a d i n g  
diagram which t h e  c o n t r a c t o r  s h a l l  u s e  t o  de te rmine  t h e  
number and c a p a c i t y  of t h e  t i e b a c k s .  The anchor  zones of  
t h e  t i e b a c k s  s h a l l  be a t  l e a s t  5 f e e t  (1.52 m) a p a r t .  

2 )  A l t e r n a t e  B: The c o n t r a c t  drawings  c o n t a i n s  t i e b a c k  
l o a d i n g s  p e r  l i n e a r  f o o t  of w a l l .  The c o n t r a c t o r  s h a l l  u s e  
t h e s e  l o a d i n g s  t o  de te rmine  t h e  number and c a p a c i t y  of t h e  
t i e b a c k s .  The anchor  zones  of t h e  t i e b a c k s  s h a l l  be a t  
l e a s t  5 f e e t  (1.52 m) a p a r t .  

3 )  A l t e r n a t e  C: The c o n t r a c t  drawings  i n d i c a t e  t h e  l o c a t i o n  
and c a p a c i t y  of t i e b a c k s .  

Minimum Unbonded Length and Tieback Angle 

Each t i e b a c k  s h a l l  have a  minimum unbonded l e n g t h  of  1 5  f e e t  
(4 .58  m), The c o n t r a c t  drawings  i n d i c a t e  t h e  unbonded l e n g t h  r e q u i r e d  
f o r  e a c h  t i e r  of t i e b a c k s .  The t i e b a c k  s h a l l  be i n s t a l l e d  a t  a n  
a n g l e  v a r y i n g  between l o 0  and 30° from t h e  h o r i z o n t a l .  

T o t a l  Tieback Length and Minimum Anchor Length 

The minimum t o t a l  t i e b a c k  l e n g t h s  a r e  i n d i c a t e d  on t h e  c o n t r a c t  
drawing.  I n  no c a s e  s h a l l  t h e  anchor  l e n g t h  be l e s s  than  1 0  f e e t  
(3.05 m ) .  The t i e b a c k  must no t  extend beyond t h e  easement shown on 
t h e  c o n t r a c t  drawing.  

P r e q u a l i f i c a t i o n  

Twenty (20)  working days  p r i o r  t o  t h e  b id  d a t e ,  t h e  t i e b a c k  
c o n t r a c t o r  s h a l l  submit  t o  t h e  e n g i n e e r s  f o r  review and a p p r o v a l  a  
p roposa l  d e s c r i b i n g  t h e  t i e b a c k  sys tem he i n t e n d s  t o  p rov ide .  The 
submiss ion s h a l l  i n c l u d e :  

1 )  Q u a l i f i c a t i o n s  i f  r e q u i r e d .  
2 )  A d e s c r i p t i o n  of t h e  t i e b a c k  i n s t a l l a t i o n .  I n c l u d e s  

d r i l l i n g ,  g r o u t i n g ,  and s t r e s s i n g  i n f o r m a t i o n .  



3)  Es t ima ted  t i e b a c k  c a p a c i t y .  
4 )  Tendon t y p e  and c a p a c i t y .  
5 )  Anchorage t y p e .  
6 )  C o r r o s i o n  p r o t e c t i o n  d e t a i l s - - s h o p  drawings  r e q u i r e d .  
7 )  Excep t ions  t o  t h e  s p e c i f i c a t i o n  and r e a s o n s  f o r  e x c e p t i o n s .  

The e n g i n e e r  w i l l  r ev iew t h e  s u b m i s s i o n  and t e l e g r a p h  comments t o  
t h e  p r o s p e c t i v e  b i d d e r s  w i t h i n  f i v e  ( 5 )  working days  a f t e r  r e c e i p t  
of t h e  submiss ion .  Wi th in  f i v e  ( 5 )  working d a y s ,  t h e  c o n t r a c t o r  can  
resubmit  a  r e v i s e d  p r o p o s a l .  The e n g i n e e r  w i l l  n o t i f y  t h e  
c o n t r a c t o r  by t e l e g r a p h  f i v e  (5 )  working d a y s  b e f o r e  b id  whether  o r  
no t  h i s  t i e b a c k  sys tem and c o r r o s i o n  p r o t e c t i o n  meets  t h e  
r e q u i r e m e n t s  of  t h e  s p e c i f i c a t i o n .  

M a t e r i a l s  

1 )  Tieback t endons  s h a l l  be f a b r i c a t e d  from s i n g l e  o r  m u l t i p l e  
e l e m e n t s  of  t h e  f o l l o w i n g :  

a )  S t e e l  b a r s  conforming t o  ASTM Des igna t ion  A-722, 
"Uncoated High-Strength S t e e l  Bars f o r  P r e s t r e s s e d  
Concrete  . " 

b )  Seven-wire s t r a n d  conforming t o  ASTM Des igna t ion  
A 416, "Uncoated Seven-Wire S t ress -Re l i eved  S t rand  f o r  
P r e s t r e s s e d  Concrete ."  

c )  Wires conforming t o  ASTM Des igna t ion  A 421, "Uncoated 
S t ress -Re l i eved  Wire f o r  P r e s t r e s s e d  Concre te . "  

d )  Compact seven-wire s t r a n d s  conforming t o  ASTM 
D e s i g n a t i o n  A 779-80, "Uncoated Seven-Wire Compacted, 
S t ress -Re l i eved  S t e e l  S t rand  f o r  P r e s t r e s s e d  Concrete ."  

2 )  Anchorages s h a l l  be c a p a b l e  of  deve lop ing  95 p e r c e n t  of  t h e  
g u a r a n t e e d  minimum u l t i m a t e  t e n s i l e  s t r e n g t h  o f  t h e  
p r e s t r e s s i n g  s t e e l .  (The e n g i n e e r  s h a l l  i n d i c a t e  i f  t h e  
anchor  head must be r e s t r e s s a b l e  a n d / o r  c a p a b l e  of  l o a d  
ad jus tment  [See  Page 1321) .  

3 )  The b e a r i n g  p l a t e  s h a l l  be f a b r i c a t e d  from mi ld  s t e e l  and 
i t  s h a l l  be c a p a b l e  of  deve lop ing  95 p e r c e n t  of t h e  
guaran teed  minimum u l t i m a t e  t e n s i l e  s t r e n g t h  of t h e  
p r e s t r e s s i n g  s t e e l .  

4 )  P r e s t r e s s i n g  s t e e l  c o u p l e r s  s h a l l  be c a p a b l e  of  deve lop ing  
100 p e r c e n t  o f  t h e  u l t i m a t e  s t r e n g t h  of  t h e  p r e s t r e s s i n g  
s t e e l .  

5 )  C e n t r a l i z e r s  s h a l l  be f a b r i c a t e d  from m a t e r i a l  which i s  
n o n d e t r i m e n t a l  t o  t h e  p r e s t r e s s i n g  s t e e l .  ( S t e e l  o r  
p l a s t i c  i s  commonly used .  Wood shou ld  no t  be u s e d . )  The 
c e n t r a l i z e r  s h a l l  p o s i t i o n  t h e  tendon i n  t h e  d r i l l  h o l e  s o  
a  minimum o f  0.5 i n c h  (12.7 cm) of  g r o u t  cover  i s  
p rov ided .  ( P r e s s u r e - i n j e c t e d  t i e b a c k s  do n o t  r e q u i r e  
c e n t r a l i z e r s .  (See Page 1 3 2 )  

6 )  Spacers  s h a l l  be used t o  s e p a r a t e  e l e m e n t s  of m u l t i e l e m e n t  
t endons .  They s h a l l  be f a b r i c a t e d  from m a t e r i a l  which i s  
n o n d e t r i m e n t a l  t o  t h e  p r e s t r e s s i n g  s t e e l  (See comment i n  
5 ) .  A combina t ion  c e n t r a l i z e r - - s p a c e r  c a n  be u s e d .  



7) Type I ,  11, o r  I11 p o r t l a n d  cement conforming t o  ASTM C-150 
s p e c i f i c a t i o n s  s h a l l  be used f o r  g r o u t .  ( I f  t h e  s o l u b l e  
s u l f a t e  c o n t e n t  o f  t h e  s o i l  o r  t h e  groundwater i s  g r e a t e r  
t h a n  2 ,000  mg/kg, t h e n  Type V cement should  be used.  See 
Pages 137 and 138.)  ( I £  t h e  s o i l  o r  groundwater pH i s  l e s s  
t h a n  4.5 o r  nearby b u r i e d  c o n c r e t e  s t r u c t u r e s  have 
exper ienced  chemical  a t t a c k ,  then  p o r t l a n d  cement g r o u t  
shou ld  n o t  be used.  Acid r e s i s t a n t  cements may be used i n  
a c i d i c  c o n d i t i o n s .  See Pages 137 and 138.)  Cement should  
be f r e s h  and should  n o t  c o n t a i n  any lumps o r  o t h e r  
i n d i c a t i o n s  o f  h y d r a t i o n .  

8 )  Water f o r  mixing g r o u t  should  be p o t a b l e .  
9)  Grout a d d i t i v e s  should  be avoided.  A c c e l e r a t o r s  should  n o t  

be used.  Expansive admix tu res  should  on ly  be used f o r  
secondary g r o u t i n g ,  and f i l l i n g  t rumpets  and anchorage 
covers .  Admixtures which c o n t r o l  b leed  and r e t a r d  s e t  may 
be used.  Addi t ives  s h a l l  be mixed and placed i n  accordance 
wi th  t h e  m a n u f a c t u r e r ' s  recommendations (See Page 137) .  

10) The s h e a t h  o r  bond b r e a k e r  s h a l l  be e i t h e r  a  s t e e l ,  PVC, 
p o l y e t h y l e n e ,  o r  polypropylene pipe  o r  tube .  The s h e a t h  
may su r round  i n d i v i d u a l  tendon e lements  o r  t h e  e n t i r e  
tendon. The m a t e r i a l  s h a l l  be capab le  o f  w i t h s t a n d i n g  
damage d u r i n g  s h i p p i n g ,  h a n d l i n g ,  and i n s t a l l a t i o n .  The 
m a t e r i a l  i s  s u b j e c t  t o  t h e  approva l  o f  t h e  e n g i n e e r .  

11)  Grease i n j e c t e d  under  t h e  s h e a t h  s h a l l  be formulated t o  
p rov ide  l u b r i c a t i o n  and i n h i b i t  c o r r o s i o n .  The c h l o r i d e s ,  
n i t r a t e s ,  and s u l f i d e s  p r e s e n t  i n  t h e  g r e a s e  s h a l l  n o t  
exceed t h e  fo l lowing  l i m i t s :  

a )  C h l o r i d e s  
b) N i t r a t e s  
c )  S u l f i d e s  

12)  (The c o n t r a c t  documents should  i n d i c a t e  i f  s imple  o r  
e n c a p s u l a t i o n  c o r r o s i o n  p r o t e c t i o n  i s  r e q u i r e d . )  A s imple  
p r o t e c t e d  t i e b a c k  tendon s h a l l  be provided.  D e t a i l s  o f  t h e  
p r o t e c t i o n  system s h a l l  be submi t t ed  t o  t h e  e n g i n e e r s  f o r  
review and approva l .  The c o n t r a c t  drawings show a  s imple  
c o r r o s i o n  p r o t e c t e d  t i e b a c k  (See  Page 96).  The ends  o f  t h e  
g r e a s e  f i l l e d  s h e a t h  s h a l l  be s e a l e d  w i t h  t a p e ,  h e a t  
s h r i n k a b l e  t u b e s ,  o r  o t h e r  means s u b j e c t  t o  t h e  approva l  o f  
t h e  e n g i n e e r .  A p l a s t i c  trumpet s h a l l  be used t o  make t h e  
t r a n s i t i o n  from t h e  b e a r i n g  p l a t e  t o  t h e  c o r r o s i o n  
p r o t e c t i o n  o v e r  t h e  unbonded l e n g t h .  A t i g h t  f i t t i n g  s e a l  
s h a l l  be provided a t  t h e  end o f  t h e  t rumpet .  I n s u l a t i n g  
b e a r i n g  s t r i p s  s h a l l  be provided under  t h e  b e a r i n g  p l a t e .  
The b e a r i n g  s t r i p s  m a t e r i a l  must :  

a )  Be a n  e l e c t r i c a l  i n s u l a t o r .  
b) Be r e s i s t a n t  t o  a t t a c k  from cement,  g r e a s e ,  o r  

a g g r e s s i v e  environments .  
c )  Be n o n d e t r i m e n t a l  t o  t h e  p r e s t r e s s i n g  s t e e l .  
d )  Have compressive s t r e n g t h s  g r e a t e r  t h a n  c o n c r e t e .  
e )  Not be s u s c e p t i b l e  t o  s i g n i f i c a n t  c r e e p  de fo rmat ions .  



M a n u f a c t u r e r ' s  l i t e r a t u r e  d e s c r i b i n g  t h e  b e a r i n g  m a t e r i a l  
s h a l l  b e  s u b m i t t e d  t o  t h e  e n g i n e e r  f o r  review and 
approva l  . 
The i n s u l a t i o n  o v e r  t h e  anchorage and b e a r i n g  p l a t e  s h a l l  
be f a b r i c a t e d  from a  h e a t  s h r i n k a b l e  cap  w i t h  a n  e l a s t i c  
a d h e s i v e ,  a  moldable s e a l a n t ,  o r  o t h e r  s u i t a b l e  m a t e r i a l .  
M a n u f a c t u r e r ' s  l i t e r a t u r e  d e s c r i b i n g  t h e  i n s u l a t i o n  s h a l l  
be submi t t ed  t o  t h e  e n g i n e e r  f o r  r e v i e w ' a n d  a p p r o v a l .  The 
anchorage i n s u l a t i o n  must be: 

a )  An e l e c t r i c a l  i n s u l a t o r .  
b )  R e s i s t a n t  t o  a t t a c k  from cement,  g r e a s e ,  o r  a g g r e s s i v e  

environments .  
c )  Nondetr imenta l  t o  t h e  p r e s t r e s s i n g  s t e e l .  
d) Capable of w i t h s t a n d i n g  a tmospher ic  exposure  and 

u l t r a v i o l e t  l i g h t  if the  anchor  head is  i n t e n d e d  t o  
remain exposed.  

1 3 )  An e n c a p s u l a t e d  t i e b a c k  tendon i s  r e q u i r e d .  D e t a i l s  of  t h e  
proposed e n c a p s u l a t e d  p r o t e c t i o n  sys tem s h a l l  be submi t t ed  
t o  t h e  e n g i n e e r  f o r  r ev iew and a p p r o v a l .  The c o n t r a c t  
drawings  show a n  e n c a p s u l a t e d  tendon (See Pages 76--79). 
The anchor  l e n g t h  s h a l l  be e n c a p s u l a t e d  i n  a  c o r r u g a t e d  
p l a s t i c  o r  deformed m e t a l  t u b e .  The c a p s u l e  must be:  

a)  Capable of  t r a n s f e r r i n g  s t r e s s e s  from t h e  e n c a p s u l a t i o n  
g r o u t  t o  t h e  anchor g r o u t .  

b )  Accommodate movement d u r i n g  t e s t i n g ,  and a f t e r  
lock-of f  . 

c )  R e s i s t a n t  t o  chemical  a t t a c k  from a g g r e s s i v e  
env i ronments ,  g r o u t ,  o r  g r e a s e .  

d )  F a b r i c a t e d  from m a t e r i a l s  n o n d e t r i m e n t a l  t o  t h e  tendon.  
e )  Capable of w i t h s t a n d i n g  a b r a s i o n ,  impac t ,  and bending 

d u r i n g  hand l ing  and i n s t a l l a t i o n .  
f )  Leak p r o o f .  

The tendon s h a l l  be c e n t r a l i z e d  i n s i d e  t h e  c a p s u l e .  Cement 
g r o u t  s h a l l  be used t o  s e c u r e  t h e  tendon i n s i d e  t h e  
c a p s u l e .  A l e a k  t i g h t  t r a n s i t i o n  s h a l l  be provided between 
t h e  anchor  l e n g t h  c a p s u l e  and t h e  unbonded l e n g t h  c a p s u l e .  
A h e a t  s h r i n k a b l e  s l e e v e ,  o r  o t h e r  s u i t a b l e  s p l i c e s ,  
s u b j e c t  t o  t h e  a p p r o v a l  of  t h e  e n g i n e e r ,  s h a l l  be used .  A 
smooth p l a s t i c  o r  m e t a l  tube  can  be used o v e r  t h e  unbonded 
p o r t i o n  of  t h e  tendon.  If t h e  tendon i s  g r e a s e d  and 
shea thed  w i t h i n  t h e  smooth p o r t i o n  of  t h e  c a p s u l e ,  t h e n  
g r o u t  shou ld  be used t o  f i l l  t h e  a n n u l a r  space  between t h e  
tendon and t h e  p l a s t i c  o r  m e t a l  t u b e .  I f  t h e  tendon i s  n o t  
s h e a t h e d ,  g r e a s e  s h a l l  be used t o  f i l l  t h e  a n n u l a r  space  
between t h e  smooth t u b e  and t h e  s t e e l .  The smooth t u b e  
must :  

a )  Accommodate movement d u r i n g  t e s t i n g ,  and a f t e r  
lock-off  . 



b)  R e s i s t a n t  t o  chemical  a t t a c k  from a g g r e s s i v e  
environments ,  g r o u t ,  o r  g r e a s e .  

c )  F a b r i c a t e d  from m a t e r i a l s  n o n d e t r i m e n t a l  t o  t h e  t endon .  
d )  Capable of  w i t h s t a n d i n g  a b r a s i o n ,  impac t ,  and bending 

d u r i n g  h a n d l i n g  and i n s t a l l a t i o n .  
e )  Leak p r o o f .  

A s t e e l  o r  p l a s t i c  trumpet s h a l l  be used t o  make t h e  
t r a n s i t i o n  from t h e  b e a r i n g  p l a t e  t o  t h e  p r o t e c t i o n  o v e r  
t h e  unbonded l e n g t h .  A t i g h t  f i t t i n g  s e a l  s h a l l  be 
provided a t  t h e  end of t h e  t rumpe t .  (The anchorage s h a l l  
be encased  i n  c o n c r e t e  i f  p o s s i b l e . )  Exposed anchorages  
s h a l l  be covered w i t h  a  g r e a s e  o r  g r o u t  f i l l e d  c o v e r .  The 
c o n t r a c t o r  s h a l l  e n s u r e  t h a t  t h e  g r e a s e  o r  g r o u t  f u l l y  
c o v e r s  t h e  anchor  head.  

Tendon F a b r i c a t i o n  

1 )  P r e s t r e s s i n g  s t e e l  s h a l l  be p r o t e c t e d  from d i r t ,  r u s t ,  o r  
d e l e t e r i o u s  s u b s t a n c e s .  (A l i g h t  c o a t i n g  of  r u s t  on t h e  
s t e e l  w i l l  n o t  a f f e c t  i t s  f u n c t i o n . )  Heavy c o r r o s i o n  o r  
p i t t i n g  i s  c a u s e  f o r  tendon r e j e c t i o n .  I f  t h e r e  i s  a  
q u e s t i o n  abou t  t h e  e x t e n t  of  t h e  c o r r o s i o n ,  t h e  s t e e l  c a n  
be t e s t e d  t o  de te rmine  i f  i t  s t i l l  meets  t h e  a p p r o p r i a t e  
ASTM s p e c i f i c a t i o n .  

2 )  Tendons can  be e i t h e r  shop o r  f i e l d  f a b r i c a t e d .  
3 )  Tendons s h a l l  be s t o r e d  and handled i n  such a  manner a s  t o  

a v o i d  damage o r  c o r r o s i o n .  

I n s t a l l a t i o n  

Core d r i l l i n g ,  r o t a r y  d r i l l i n g ,  o r  p e r c u s s i o n  d r i l l i n g  c a n  
be used  t o  d r i l l  r o c k  f o u n d a t i o n s .  Auger d r i l l i n g ,  r o t a r y  
d r i l l i n g ,  o r  p e r c u s s i o n  d r i v e n  c a s i n g  c a n  be used f o r  s o i l  
t i e b a c k s .  The d r i l l  h o l e  s h a l l  be l o c a t e d  w i t h i n  3  i n c h  
( 7 6  mm) o f  t h e  d e s i r e d  l o c a t i o n .  
(The e n g i n e e r  may s p e c i f y  a  w a t e r t i g h t n e s s  t e s t  f o r  rock  
t i e b a c k s .  The t e s t  i s  n o t  n e c e s s a r y  f o r  e v e r y  t i e b a c k .  
Cavernous l i m e s t o n e  f o r m a t i o n s ,  open j o i n t e d  o r  f r a c t u r e d  
r o c k ,  and f o r m a t i o n s  where wa te r  l o s s  o r  g a i n  was observed 
d u r i n g  e x p l o r a t o r y  d r i l l i n g  shou ld  be checked f o r  
w a t e r t i g h t n e s s .  The e n g i n e e r  shou ld  de te rmine  t h e  number 
of  t e s t s  t o  be performed. I f  t h e  need f o r  w a t e r t i g h t n e s s  
t e s t i n g  i s  u n c e r t a i n ,  t h e n  t h e  i n i t i a l  d r i l l  h o l e s  need t o  
be t e s t e d .  I f  i t  i s  c e r t a i n  t h a t  t h e  fo rmat ion  i s  open,  
t h e n  w a t e r t i g h t n e s s  t e s t i n g  may be r e q u i r e d  f o r  e a c h  
t i e b a c k  (See  Page 143) .  P r e s s u r e  g r o u t i n g  t h e  anchor  zone 
u s i n g  t h e  c a s i n g  o r  a  packer  t o  s e a l  t h e  h o l e  c a n  be used 
i n  l i e u  o f  a  w a t e r t i g h t n e s s  t e s t  (See  Page 1 5 0 ) .  I f  
p r e s s u r e  g r o u t i n g  i s  used i n  r o c k ,  t h e  e n g i n e e r  shou ld  
s p e c i f y  a  minimum r e f u s a l  p r e s s u r e . )  

A f t e r  d r i l l i n g  t h e  permanent rock  t i e b a c k  h o l e  t o  t h e  
d e s i r e d  d e p t h ,  a  w a t e r t i g h t n e s s  t e s t  s h a l l  be performed t o  de- 



t e r m i n e  t h e  t i g h t n e s s  o f  t h e  d r i l l  h o l e .  I f  t h e  unbonded 
l e n g t h  p o r t i o n  o f  t h e  d r i l l  h o l e  i s  i n  f r a c t u r e d  r o c k  o r  
s o i l ,  a  p a c k e r  o r  c a s i n g  s h a l l  be u s e d  t o  i s o l a t e  t h e  
a n c h o r  l e n g t h  s o  i t  c a n  be t e s t e d .  The h o l e  s h a l l  be 
f i l l e d  w i t h  w a t e r  and  s u b j e c t e d  t o  a  p r e s s u r e  o f  5 p s i  
(34.5 k P a )  i n  e x c e s s  o f  t h e  h y d r o s t a t i c  head  measured  a t  
t h e  t o p  o f  t h e  d r i l l  h o l e .  I f  t h e  l e a k a g e  r a t e  from t h e  
d r i l l  h o l e  e x c e e d s  5 g a l l o n s  i n  a  t e n  m i n u t e  p e r i o d ,  t h e n  
t h e  h o l e  s h o u l d  be c o n s o l i d a t e d  g r o u t e d ,  r e d r i l l e d  o r  w a t e r  
f l u s h e d ,  and  r e t e s t e d .  I f  t h e  second w a t e r t i g h t n e s s  t e s t  
f a i l s ,  t h e  p r o c e s s  s h o u l d  be r e p e a t e d .  The w a t e r  l e v e l  i n  
a d j a c e n t  d r i l l  h o l e s  s h o u l d  be o b s e r v e d  d u r i n g  t h e  t e s t .  

The water--cement  r a t i o  of  t h e  c o n s o l i d a t i o n  g r o u t  may be 
a d j u s t e d  a s  r e q u i r e d  t o  s e a l  t h e  h o l e .  

I f  f l o w i n g  w a t e r  i s  o b s e r v e d  i n  t h e  d r i l l  h o l e  o r  a r t e s i a n  
w a t e r  f l o w s  o u t  o f  t h e  h o l e ,  t h e n  t h e  c o n s o l i d a t i o n  g r o u t  
s h o u l d  be  p r e s s u r i z e d .  

The c o n t r a c t o r  s h a l l  submi t  f o r  r e v i e w  and  a p p r o v a l  a  
d e s c r i p t i o n  o f  t h e  w a t e r t i g h t n e s s  t e s t  p r o c e d u r e s  and  
equ ipmen t .  

3 )  The a n c h o r  g r o u t  s h a l l  have  a  water--cement  r a t i o  between 

4 )  

5  

T e s t i n g  

(The 

0 .35  a n d  0.50.  The g r o u t i n g  equipment  s h o u l d  i n c l u d e  a 
mixe r  c a p a b l e  o f  p r o d u c i n g  a g r o u t  f r e e  o f  lumps and  
u n d i s p e r s e d  cement .  A p o s i t i v e  d i s p l a c e m e n t  g r o u t  pump 
s h a l l  be u s e d .  The pump s h a l l  be e q u i p p e d  w i t h  a  p r e s s u r e  
gauge  t o  m o n i t o r  g r o u t  p r e s s u r e s .  The g r o u t i n g  equipment  
s h a l l  be s i z e d  t o  e n a b l e  t h e  t i e b a c k  t o  be g r o u t e d  i n  o n e  
c o n t i n u o u s  o p e r a t i o n .  Neat cement  g r o u t s  s h o u l d  be 
s c r e e n e d  t o  remove lumps .  The maximum s i z e  o f  t h e  s c r e e n  
o p e n i n g s  s h a l l  be 0.250 i n c h e s  ( 6 . 4  mm). Mixing and  
s t o r a g e  times s h o u l d  n o t  c a u s e  e x c e s s i v e  t e m p e r a t u r e  b u i l d  
i n  t h e  g r o u t .  The mixe r  s h o u l d  be c a p a b l e  of  c o n t i n u o u s l y  
a g i t a t i n g  t h e  g r o u t .  
The a n c h o r  g r o u t  s h a l l  be i n j e c t e d  f rom t h e  l o w e s t  p o i n t  o f  
t h e  t i e b a c k .  The g r o u t  may be p l a c e d  u s i n g  g r o u t  t u b e s ,  
c a s i n g ,  o r  d r i l l  r o d s .  The g r o u t  c a n  be p l a c e d  b e f o r e  o r  
a f t e r  i n s e r t i o n  o f  t h e  t e n d o n .  The q u a n t i t y  o f  t h e  g r o u t  
and  t h e  g r o u t  p r e s s u r e s  s h a l l  be r e c o r d e d .  The g r o u t  
p r e s s u r e s  a n d  g r o u t  t a k e s  s h a l l  be c o n t r o l l e d  t o  p r e v e n t  
e x c e s s i v e  heave  i n  c o h e s i v e  s o i l s  o r  f r a c t u r e d  r o c k .  
The t i e b a c k  s h a l l  r ema in  u n d i s t u r b e d  f o r  a  minimum o f  3 
d a y s  o r  u n t i l  t h e  g r o u t  h a s  c u r e d .  

e n g i n e e r  s h o u l d  s e l e c t  t h e  a p p r o p r i a t e  t e s t s  f rom C h a p t e r  
1 0  and  s p e c i f y  t h e  number o f  e a c h  t y p e  t o  be pe r fo rmed . )  



Moni to r ing  

Permanent l o a d  c e l l s  and e x t e n s o m e t e r s  s h a l l  be p r o v i d e d  where 
i n d i c a t e d  on t h e  c o n t r a c t  d rawings .  The c o n t r a c t o r  s h a l l  r e a d  t h e  
i n s t r u m e n t a t i o n  b iweek ly  d u r i n g  c o n s t r u c t i o n .  Upon c o m p l e t i o n  o f  
c o n s t r u c t i o n ,  t h e  c o n t r a c t o r  s h a l l  t u r n  o v e r  t o  t h e  o w n e r ' s  e n g i n e e r  
t h e  r e a d o u t  equipment  r e q u i r e d  t o  c o n t i n u e  m o n i t o r i n g .  The e n g i n e e r  
s h a l l  m o n i t o r  t h e  t i e b a c k s  f o r  a d d i t i o n a l  y e a r s .  

Records  

The c o n t r a c t o r  s h a l l  p r o v i d e  t h e  owner ' s  r e p r e s e n t a t i v e  w i t h  
t h e  f o l l o w i n g  r e c o r d s :  

1 )  Drawings showing t h e  l o c a t i o n  o f  t h e  t i e b a c k s ,  t o t a l  
t i e b a c k  l e n g t h ,  a n c h o r  l e n g t h ,  and unbonded l e n g t h .  

2 )  S t e e l  and g r o u t  c e r t i f i c a t i o n s  a n d / o r  m i l l  r e p o r t s .  
3 )  G r o u t i n g  r e c o r d s  i n d i c a t i n g  t h e  cement t y p e ,  q u a n t i t y  

i n j e c t e d ,  and t h e  g r o u t  p r e s s u r e s .  
4 )  T ieback  t e s t  r e s u l t s .  
4 )  M o n i t o r i n g  r e s u l t s .  

PRICING 

When pe r fo rmance  s p e c i f i c a t i o n s  a r e  u s e d ,  t h e  owner w i l l  be a b l e  t o  
o b t a i n  lump sump b i d s  f o r  t h e  work.  I t  may be d e s i r a b l e  t o  u s e  u n i t  p r i c e s  
f o r  w a t e r t i g h t n e s s  t e s t s ,  c o n s o l i d a t i o n  g r o u t i n g  and r e d r i l l i n g .  A lump sum 
p r i c e  makes t h e  c o n t r a c t o r  r e s p o n s i b l e  f o r  per formance  and e l i m i n a t e s  r e c o r d  
k e e p i n g  and d i s p u t e s  a b o u t  q u a n t i t i e s  i n s t a l l e d .  



CHAPTER 8 - CONSTRUCTION 

Tieback  c o n s t r u c t i o n  methods v a r y  depend ing  on ground c o n d i t i o n s ,  
t i e b a c k  c a p a c i t y ,  t i e b a c k  l e n g t h ,  c o r r o s i o n  p r o t e c t i o n  r e q u i r e m e n t s ,  t endon  
t y p e ,  p a t e n t s ,  d e s i g n e r  and c o n t r a c t o r  e x p e r i e n c e ,  s p e c i f i c a t i o n s ,  s i t e  
r e s t r i c t i o n s ,  and  equipment  a v a i l a b i l i t y .  A v a r i e t y  o f  i n s t a l l a t i o n  methods 
are  d e s c r i b e d  i n  t h i s  c h a p t e r .  Each one h a s  been s u c c e s s f u l l y  used  f o r  
permanent  a p p l i c a t i o n s .  The d i f f e r e n t  t y p e s  were d e s c r i b e d  s o  t h e  d e s i g n e r  
c a n  become f a m i l i a r  w i t h  t h e  v a r i o u s  t i e b a c k  s y s t e m s  t h a t  might  be p rov ided  
i f  h e  u s e s  a pe r fo rmance  s p e c i f i c a t i o n .  

TENDON FABRICATION 

A. P r e s t r e s s i n g  S t e e l s  

The t e n d o n  t y p e ,  s i z e ,  and l e n g t h  a r e  de t e rmined  by t h e  t i e b a c k  
c a p a c i t y ,  a l l o w a b l e  s t r e n g t h  o f  t h e  s t e e l ,  c o r r o s i o n  p r o t e c t i o n  
r e q u i r e m e n t s ,  a n c h o r  l e n g t h ,  and i n s t a l l a t i o n  method. Only b a r s ,  s t r a n d s ,  
and w i r e s  m e e t i n g  ASTM s t a n d a r d s  s h o u l d  be used  f o r  t i e b a c k  t e n d o n s .  Bars  
a r e  manufac tu red  f rom h o t - r o l l e d  a l l o y  s t e e l  mee t ing  ASTM A-722-75, 
S p e c i f i c a t i o n  f o r  Uncoated High S t r e n g t h  S t e e l  Bar f o r  P r e s t r e s s e d  
Concre t e .  S t r a n d s  a r e  n o r m a l l y  0 .5  i n c h  (12.5mm) o r  0.6 i n c h  (15 .2  mm) 
d i a m e t e r  7 - w i r e  s t r a n d s  manufac tu red  t o  meet  ASTM A-416-74, S p e c i f i c a t i o n  
f o r  Uncoated Seven-Wire S t r e s s - R e l i e v e d  S t r a n d  f o r  P r e s t r e s s e d  C o n c r e t e ,  o r  
ASTM A-779-80, S p e c i f i c a t i o n  f o r  S t e e l  S t r a n d ,  Seven-Wire, Uncoated ,  
Compacted, S t r e s s - R e l i e v e d  f o r  P r e s t r e s s e d  Concre t e .  Wire t e n d o n s  a r e  
bu t tonheaded  and  f a b r i c a t e d  from w i r e  which  i s  manufac tu red  t o  meet  ASTM 
A-421-77, S p e c i f i c a t i o n s  f o r  Uncoated S t r e s s - R e l i e v e d  Wire f o r  P r e s t r e s s e d  
C o n c r e t e .  

T a b l e  9 d e s c r i b e s  t h e  v a r i o u s  t endon  m a t e r i a l s  u sed  f o r  t i e b a c k s  i n  t h e  
Un i t ed  S t a t e s .  Bars a r e  manufac tu red  i n  60  f o o t  (18 .3  m) l e n g t h s .  The b a r s  
c a n  be c u t  o r  c o u p l e d  i n  o r d e r  t o  f a b r i c a t e  a  t endon  o f  t h e  r e q u i r e d  
l e n g t h .  C o u p l e r s  s h o u l d  n o t  be l o c a t e d  i n  t h e  a n c h o r  l e n g t h  o f  s i m p l e  
c o r r o s i o n  p r o t e c t e d  permanent  t i e b a c k s .  Both smooth and c o n t i n u o u s l y  
t h r e a d e d  b a r s  are a v a i l a b l e .  M u l t i s t r a n d  t e n d o n s  a r e  f a b r i c a t e d  i n  a n y  
l e n g t h  and  c a p a c i t y .  P r e s t r e s s i n g  s t r a n d  i s  manufac tu red  i n  l o n g  r o l l s  and  
c u t  t o  l e n g t h  i n  a  s h o p  o r  a t  t h e  s i t e .  M u l t i w i r e  t e n d o n s  a r e  shop  
f a b r i c a t e d  i n  a n y  l e n g t h  and c a p a c i t y .  Wire t endons  a r e  n o t  deformed and 
t h e y  are d e s i g n e d  t o  t r a n s f e r  o f  l o a d  t o  a n  end a n c h o r  p l a t e ,  b u t  a c t u a l l y  
t h e y  are bonded t o  t h e  g r o u t .  Wi res  u s e  cold-formed b u t t o n h e a d s  t o  t r a n s f e r  
l o a d  t o  t h e  a n c h o r  p l a t e s .  

The maximum tes t  l o a d  o n  a t i e b a c k  s h o u l d  n o t  exceed  80 p e r c e n t  o f  t h e  
g u a r a n t e e d  u l t i m a t e  c a p a c i t y  o f  t h e  p r e s t r e s s i n g  s t e e l ,  and t h e  d e s i g n  l o a d  
s h o u l d  n o t  exceed  60  p e r c e n t  o f  t h e  g u a r a n t e e d  u l t i m a t e  c a p a c i t y .  

B. S h e a t h s  

The unbonded l e n g t h  o f  a  t e n d o n  i s  c r e a t e d  by s h e a t h i n g  t h e  i n d i v i d u a l  
e l e m e n t s  o r  g r o u p s  o f  e l e m e n t s  i n  t h e  t endon .  Low o r  h i g h  d e n s i t y  
p o l y e t h y l e n e  o r  p o l y p r o p y l e n e  t u b e s ,  o r  PVC p i p e  a r e  used  t o  s h e a t h  t h e  
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tendon.  The s h e a t h  f u n c t i o n s  a s  a  bond-breaker between t h e  tendon and t h e  
g r o u t ,  c o r r o s i o n  p r o t e c t i o n ,  and a s  a  conta inment  f o r  g r e a s e .  The s h e a t h  
must be:  

1 )  R e s i s t a n t  t o  chemical  a t t a c k  from a g g r e s s i v e  env i ronments ,  g r o u t ,  
o r  g r e a s e .  

2 )  F a b r i c a t e d  from m a t e r i a l  n o n d e t r i m e n t a l  t o  t h e  tendon.  
3 )  Capable of w i t h s t a n d i n g  a b r a s i o n ,  impac t ,  and bending d u r i n g  

h a n d l i n g  and i n s t a l l a t i o n .  
4 )  Leak p r o o f .  
5 )  Accommodate movements d u r i n g  t e s t i n g  and s t r e s s i n g .  
6 )  Allow movements a f t e r  lock-off  i f  t h e  tendon remains  unbonded. 

Shea ths  may be shop ex t ruded  d i r e c t l y  over  g reased  w i r e s  o r  s t r a n d s ,  o r  t h e y  
can be p u l l e d  o v e r  g reased  e l e m e n t s  i n  t h e  shop o r  f i e l d .  They shou ld  have 
a  minimum w a l l  t h i c k n e s s  of  0.020 i n c h e s  (0.5mm). 

The a n n u l a r  space  between t h e  s h e a t h  and t h e  tendon does  n o t  have t o  be 
f i l l e d  w i t h  g r e a s e  i f  t h e  t i e b a c k  i s  go ing  t o  be used f o r  temporary  
a p p l i c a t i o n s  i n  nonaggress ive  environments  (See Page 9 5 ) .  

C .  Grease 

Cor ros ion  i n h i b i t i n g  g r e a s e s  a r e  used t o  p r o t e c t  t h e  p r e s t r e s s i n g  s t e e l  
under  t h e  s h e a t h .  They have been fo rmula ted  t o  i n h i b i t  c o r r o s i o n  and 
p rov ide  l u b r i c a t i o n  f o r  t h e  tendon.  The g r e a s e s  were o r g i n a l l y  developed 
f o r  p r e s t r e s s i n g  s t e e l  t endons  i n  n u c l e a r  r e a c t o r s .  The PTI [ 5 9 ]  recommends 
t h a t  permanent t i e b a c k s  have a  minimum g r e a s e  t h i c k n e s s  of  0.010 i n c h e s  
(0.25 mm), and t h a t  t h e  c h l o r i d e s ,  n i t r a t e s ,  and s u l f i d e s  i n  t h e  g r e a s e  
cannot  exceed t h e  f o l l o w i n g  l i m i t s :  

1 )  C h l o r i d e s  
2 )  N i t r a t e s  
3 )  S u l f i d e s  

1 0  ppm. 
1 0  ppm. 
1 0  ppm. 

Greases  p rov ided  by t h e  tendon s u p p l i e r s  meet t h e s e  requ i rements .  

D. E n c a p s u l a t i o n s  

Corrugated PVC, h i g h  d e n s i t y  p o l y e t h y l e n e ,  o r  deformed m e t a l  t u b e s  a r e  
used t o  e n c a p s u l a t e  t h e  anchor  l e n g t h  when a g g r e s s i v e  environments  a r e  
encoun te red  (See Page 9 5 ) .  The c a p s u l e  must be: 

1 )  Capable of t r a n s f e r r i n g  s t r e s s e s  from t h e  e n c a p s u l a t i o n  g r o u t  t o  
t h e  anchor  g r o u t .  

2 )  Accommodate movements d u r i n g  t e s t i n g ,  and a f t e r  lock-of f  . 
3 )  R e s i s t a n t  t o  chemical  a t t a c k  from a g g r e s s i v e  env i ronments ,  g r o u t ,  

o r  g r e a s e .  
4 )  F a b r i c a t e d  from m a t e r i a l s  n o n d e t r i m e n t a l  t o  t h e  tendon.  
5 )  Capable of  w i t h s t a n d i n g  a b r a s i o n ,  impac t ,  and bending d u r i n g  

h a n d l i n g  and i n s t a l l a t i o n .  
6 )  Leak p r o o f .  



Cement g r o u t  i s  u s e d  t o  g r o u t  t h e  t endon  i n s i d e  t h e  c a p s u l e .  Admixtures  
which improve f l o w a b i l i t y  and c o n t r o l  b l e e d ,  w i t h o u t  s i g n i f i c a n t  s t r e n g t h  
d e c r e a s e ,  may be u s e d  w i t h  t h e  e n c a p s u l a t i o n  g r o u t  (See  Page 1 3 7 ) .  
P o l y e s t e r  r e s i n s  r e c e n t l y  have been used  f o r  e n c a p s u l a t i o n  g r o u t s  i n  G r e a t  
B r i t a i n .  The f o r m u l a t i o n ,  and t h e  c r e e p  and c o r r o s i o n  r e s i s t a n c e  p r o p e r t i e s  
of  t h e s e  r e s i n s  have  n o t  been  p u b l i s h e d .  

E .  S p a c e r s  

S p a c e r s  a r e  i n s t a l l e d  i n  m u l t i e l e m e n t  s t r a n d  and w i r e  t e n d o n s  t o  
s e p a r a t e  t h e  i n d i v i d u a l  s t r a n d s  o r  w i r e s  s o  t h a t  e a c h  one  i s  a d e q u a t e l y  
bonded t o  t h e  a n c h o r  g r o u t .  F i g u r e  64 shows a  t y p i c a l  s t r a n d  s p a c e r .  
S p a c e r s  a r e  f a b r i c a t e d  from m a t e r i a l s  t h a t  a r e  n o t  d e t r i m e n t a l  t o  t h e  
tendon.  It i s  n o t  c e r t a i n  i f  s p a c e r s  a r e  r e q u i r e d .  Many t i e b a c k s  a r e  
i n s t a l l e d  w i t h o u t  them; i n  f a c t ,  some t i e b a c k s  c a n  n o t  be i n s t a l l e d  w i t h  
s p a c e r s .  

F. C e n t r a l i z e r s  

C e n t r a l i z e r s  a r e  u s e d  t o  p r o v i d e  minimum g r o u t  c o v e r  o v e r  t h e  t endon .  
Grout  c o v e r  i s  n e c e s s a r y  f o r  c o r r o s i o n  p r o t e c t i o n  and f o r  t h e  development  o f  
bond be tween t h e  t e n d o n  and t h e  g r o u t .  F i g u r e  65 shows a  c e n t r a l i z e r  f o r  a  
b a r  t endon .  C e n t r a l i z e r s  a r e  f a b r i c a t e d  from m a t e r i a l s  t h a t  a r e  n o t  
d e t r i m e n t a l  t o  t h e  t e n d o n ,  and t h e y  s h o u l d  p r o v i d e  a  minimum o f  0 .5  i n c h e s  
(12.7 mm) o f  g r o u t  c o v e r .  Other  s t a n d a r d s  [ 5 5 ] ,  [ 5 7 j ,  and  [ 5 8 ]  have  
recommended g r e a t e r  minimum g r o u t  c o v e r s .  The e x c e l l e n t  c o r r o s i o n  
per formance  o f  c o n c r e t e  p r e s s u r e  p i p e s  [ 9 3 ]  and  Raymond c y l i n d e r  p i l e s  [ 9 4 ]  
i n d i c a t e s  t h a t  a t h i n  d e n s e  g r o u t  c o v e r  w i l l  p r o v i d e  s a t i s f a c t o r y  c o r r o s i o n  
p r o t e c t i o n  f o r  a  t i e b a c k .  

D r .  S t o c k e r  [ 9 5 ]  s t a t e d  t h a t  p r e s s u r e - i n j e c t e d  t i e b a c k s ,  i n s t a l l e d  i n  
s andy  and g r a v e l l y  s o i l s  u s i n g  a  g r o u t  p r e s s u r e  g r e a t e r  t h a n  1 5 0  p s i  (1035 
k P a ) ,  do  n o t  r e q u i r e  c e n t r a l i z e r s .  When t h i s  t y p e  o f  t i e b a c k  i s  made, t h e  
h i g h  g r o u t  p r e s s u r e s  f o r c e  t h e  e x c e s s  w a t e r  i n  t h e  g r o u t  i n t o  t h e  s o i l  
l e a v i n g  a  d e n s e  g r o u t .  T h i s  low water-cement r a t i o  g r o u t  i s  s t i f f  enough t o  
s u p p o r t  t h e  t e n d o n  w i t h o u t  c e n t r a l i z e r s .  

F i g u r e  66 shows a  c o m b i n a t i o n  c e n t r a l i z e r  s p a c e r  which c a n  be u s e d  w i t h  
a m u l t i s t r a n d  t e n d o n .  

G.  Anchorages 

The a n c h o r  h e a d s  and b e a r i n g  p l a t e s  a r e  f a b r i c a t e d  from s t e e l .  The 
anchorage  s h o u l d  d e v e l o p  a t  l e a s t  95  p e r c e n t  of  t h e  minimum s p e c i f i e d  
u l t i m a t e  s t r e n g t h  o f  t h e  p r e s t r e s s i n g  s t e e l .  F i g u r e s  67 ,  68 ,  and 69 show 
t y p i c a l  b a r ,  s t r a n d ,  and w i r e  a n c h o r a g e s  r e s p e c t i v e l y .  The b e a r i n g  p l a t e  
s h o u l d  be i n s t a l l e d  p e r p e n d i c u l a r  t o  t h e  t e n d o n  i n  o r d e r  t o  p r e v e n t  bending  
o f  t h e  t endon .  C a r e f u l  a l i g n m e n t  o f  t h e  b e a r i n g  p l a t e  o r  u s i n g  a n  a n c h o r a g e  
d e s i g n e d  t o  accommodate misa l ignmen t  a r e  recommended. The d r a f t  B r i t i s h  
Code [ 5 4 ]  i n d i c a t e s  t h a t  s t r a n d  and w i r e  t e n d o n s  may d e v i a t e  up t o  5  d e g r e e s  
f rom p e r p e n d i c u l a r  and  b a r  t e n d o n s  up t o  2  d e g r e e s .  

Anchorages a r e  d e s i g n e d  t o  be r e s t r e s s a b l e ,  a d j u s t a b l e ,  o r  c a p a b l e  of 
l i f t - o f f .  A r e s t r e s s a b l e  a n c h o r  head  i s  one  which e n a b l e s  l o a d  t o  be 



F i g u r e  64 .  S p a c e r .  

F i g u r e  65. C e n t r a l i z e r .  

C e n t r a l i z e r - s p a c e r  

F i g u r e  66 .  Combina t ion  c e n t r a l i z e r - s p a c e r .  
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F i g u r e  67 .  Bar anchorage .  

F i g u r e  68. S t r a n d  anchorage .  

F i g u r e  69 .  Wire a n c h o r a g e .  



r e a p p l i e d  t o  t h e  t endon ,  o r  i n c r e a s e d  a t  a n y  t ime .  Adjus tab le  anchor  heads  
e n a b l e  t h e  l o a d  t o  be i n c r e a s e d  o r  d e c r e a s e d  a t  any  t ime .  An anchor  head 
which c a n  be l i f t e d - o f f  i s  des igned  t o  e n a b l e  a  j a c k  t o  a p p l y  a  l o a d  t o  t h e  
t i e b a c k  u n t i l  t h e  anchor  head r i s e s  from t h e  b e a r i n g  p l a t e .  Threaded ba r  
t endons  w i t h  n u t s  a r e  r e s t r e s s a b l e ,  ad j u s t a b l e ,  and c a p a b l e  o f  l i f t - o f f .  
U n t i l  t h e  s t r a n d  h a s  been c u t  n e a r  t h e  anchor  head ,  shor t - t e rm l i f t - o f f  of 
s t r a n d  t endons  c a n  be a c ~ o m p l i s h e d ' b ~  r e g r i p p i n g  t h e  tendon.  Threaded 
anchor  heads  a n d / o r  shims e n a b l e  s t r a n d  and w i r e  t endons  t o  be r e s t r e s s e d ,  
a d j u s t e d ,  o r  l i f t e d - o f f .  F i g u r e  69 shows a  shim s t a c k  under  a  w i r e  tendon 
anchor  head.  

The anchor  head should  be encased i n  c o n c r e t e  o r  g r o u t  u n l e s s  l o a d  
ad jus tment  i s  a n t i c i p a t e d .  I f  t h e  anchor  head i s  r e c e s s e d  i n  a  p o c k e t ,  
normal o r  e x p a n s i v e  g r o u t  can  be used t o  f i l l  t h e  pocke t .  Encased t i e b a c k s  
can  be moni tored u s i n g  l o a d  c e l l s .  Tiebacks  used f o r  l a n d s l i d e  s t a b i l i z a -  
t i o n  o r  c a v e r n  s u p p o r t  may r e q u i r e  l o a d  a d j u s t m e n t .  A c c e s s i b i l i t y  and load 
ad jus tment  c a p a b i l i t y  shou ld  be provided f o r  s l i d e  t i e b a c k s  i f  t h e  f a i l u r e  
s u r f a c e  i s  n o t  w e l l  d e f i n e d ,  o r  i f  s m a l l  changes  i n  t h e  s o i l  o r  rock  
s t r e n g t h s  c a u s e  l a r g e  changes  i n  t h e  e s t i m a t e d  t i e b a c k  f o r c e .  A l l  t i e b a c k s  
used f o r  underground c a v e r n  s u p p o r t  should  be a c c e s s i b l e  and a d j u s t a b l e .  

Anchorage c a p s  o r  c o v e r s  ( s e e  F i g u r e s  50 and 55)  a r e  used t o  p rov ide  
c o r r o s i o n  p r o t e c t i o n  f o r  anchor  heads  which must remain a c c e s s i b l e .  The 
c o v e r s  a r e  f a b r i c a t e d  from p l a s t i c  o r  s t e e l .  The space  between t h e  c o v e r s  
and t h e  anchor  head i s  f i l l e d  w i t h  a n t i c o r r o s i o n  g r e a s e .  

E l e c t r i c a l  i n s u l a t i o n  of  t h e  anchor  head i s  recommended f o r  s i m p l e  
c o r r o s i o n  p r o t e c t e d  t i e b a c k s .  F igure  55 shows a n  e l e c t r i c a l l y  i n s u l a t e d  
anchor  head.  The m a t e r i a l  used t o  i n s u l a t e  t h e  b e a r i n g  p l a t e  and t h e  anchor  
head from t h e  s t r u c t u r e  must:  

1 )  Be a n  e l e c t r i c a l  i n s u l a t o r .  
2 )  Not be c h e m i c a l l y  a t t a c k e d  by cement,  g r e a s e ,  o r  a g g r e s s i v e  

env i ronments  . 
3 )  Be f a b r i c a t e d  from m a t e r i a l  n o n d e t r i m e n t a l  t o  t h e  tendon.  

The m a t e r i a l  under  t h e  b e a r i n g  p l a t e  a l s o  must:  

1 )  Have h i g h  compress ive  s t r e n g t h  ( g r e a t e r  t h a n  c o n c r e t e ) .  
2 )  Not c r e e p  s i g n i f i c a n t l y  under  l o a d  a t  s e r v i c e  t e m p e r a t u r e s .  

P l a s t i c  b e a r i n g  s t r i p s  between 0.125 and 0.250 i n c h e s  (3.2 and 6.4 mm) t h i c k  
c a n  be used under  t h e  b e a r i n g  p l a t e s .  These m a t e r i a l s  a r e  des igned  f o r  u s e  
w i t h  p r e c a s t  c o n c r e t e  c o n s t r u c t i o n .  

Heat  s h r i n k a b l e  c a p s  w i t h  e l a s t i c  a d h e s i v e s ,  t a p e s ,  o r  g r e a s e  o r  g r o u t  
f i l l e d  p l a s t i c  c o v e r s  c a n  be used t o  e l e c t r i c a l l y  i n s u l a t e  t h e  anchorage .  
The t rumpet  f o r  e l e c t r i c a l l y  i n s u l a t e d  t i e b a c k s  shou ld  be f a b r i c a t e d  from 
p l a s t i c  p i p e .  



ANCHOR GROUT 

A .  M a t e r i a l s  

P o r t l a n d  cement g r o u t  u s u a l l y  wi thou t  a g g r e g a t e  i s  t h e  most common g r o u t  
used t o  anchor  t h e  tendon t o  t h e  ground. Occas iona l ly  p o l y e s t e r  r e s i n  
c a r t r i d g e s  and l i q u i d s  have been used.  

Most anchor  g r o u t s  a r e  n e a t  g r o u t s  ( c o n t a i n i n g  no a g g r e g a t e ) ,  made up of 
ASTM C-150, Type I p o r t l a n d  cement,  p o t a b l e  w a t e r ,  and sometimes,  
admix tu res .  ASTM C-150 Type I11 cement may be used when h i g h  e a r l y  s t r e n g t h  
i s  d e s i r e d .  Type I11 cement g e n e r a l l y  h a s  a  h i g h e r  wa te r  demand than  Q p e  I 
cement. ASTM C-150 Type I1 cement i s  used t o  o b t a i n  i n c r e a s e d  s e t t i n g  t ime ,  
and a l s o  t o  p rov ide  b e t t e r  s u l f a t e  r e s i s t a n c e .  Type I p o r t l a n d  cement g r o u t  
u s u a l l y  h a s  a  water-cement r a t i o  of 0.35 t o  0.5.  For a  water-cement r a t i o  
of 0.4,  t h e  7-day compress ive  s t r e n g t h  w i l l  g e n e r a l l y  exceed 3 ,500 p s i  
(24,150 k P a ) .  

Sand-cement g r o u t  i s  used f o r  hollow-stem a u g e r e d ,  s ingle-underreamed,  
and l a r g e  d i a m e t e r  s t r a i g h t - s h a f t e d  t i e b a c k s .  This  g r o u t  i s  u s u a l l y  
p r o p o r t i o n e d  t o  a s s u r e  pumpabi l i ty .  Sand-cement g r o u t  may be mixed a t  t h e  
s i t e  o r  d e l i v e r e d  t o  t h e  s i t e  i n  ready-mix t r u c k s .  Admixtures may be used 
t o  i n c r e a s e  t h e  f l o w a b i l i t y ,  d e c r e a s e  t h e  wa te r  cement r a t i o ,  and c o n t r o l  
t h e  s e t t i n g  t i m e .  A t y p i c a l  mix h a s  846 l b s .  (386.3 kg)  of cement p e r  c u b i c  
yard  (0.765 m3) o f  g r o u t ,  and a  maximum water-cement r a t i o  of 0.45. 
R e t a r d e r s  may be used w i t h  ready-mix g r o u t .  

A f l o w a b l e ,  2 ,500 p s i  (17,250 kPa) o r  b e t t e r ,  t r a n s i t - m i x  c o n c r e t e  may 
be used f o r  single-underreamed and l a r g e r  d iamete r  s t r a i g h t - s h a f t e d  
t i e b a c k s .  The mix must have adequa te  f l o w a b i l i t y  t o  e n s u r e  t h e  f i l l i n g  of 
t h e  h o l e .  I f  c o n c r e t e  i s  used f o r  s imple  p r o t e c t e d  permanent t i e b a c k s ,  a  
s i x -  o r  seven-sack p e r  c u b i c  ya rd  (0.765 m3) mix shou ld  be used t o  
m a i n t a i n  a  h i g h  pH environment around t h e  tendon. 

P o l y e s t e r  r e s i n  c a r t r i d g e s  a r e  p r o p r i e t a r y  p roduc t s  developed f o r  rock  
b o l t i n g .  O c c a s i o n a l l y  t h e y  have been used f o r  temporary and permanent rock  
t i e b a c k s .  The r e s i n  c a r t r i d g e s  a r e  used w i t h  c o n t i n u o u s l y  deformed b a r  
tendons .  The c a r t r i d g e s  a r e  i n s e r t e d  i n t o  d r i l l  h o l e s  which a r e  s l i g h t l y  
l a r g e r  t h a n  t h e  tendon d i a m e t e r .  Then, t h e  tendon i s  c o n t i n u o u s l y  r o t a t e d  
i n t o  t h e  h o l e  b reak ing  t h e  c a r t r i d g e s  and mixing t h e  two-component r e s i n .  A 
f a s t  s e t t i n g  r e s i n  i s  used a l o n g  t h e  anchor  l e n g t h  and a  s low s e t t i n g  r e s i n  
i s  used over  t h e  unbonded l e n g t h .  Resin  c a r t r i d g e  t i e b a c k s  a r e  seldom used 
because d r i l l i n g  equipment i s  unab le  t o  economical ly  d r i l l  l o n g ,  s m a l l  
d iamete r  h o l e s ;  and tendon i n s e r t i o n  and b reak ing  of  t h e  c a r t r i d g e s  i s  
d i f f i c u l t  when t h e  tendon exceeds  20 f e e t  ( 6 . 1  m). Resin c a r t r i d g e s  a r e  n o t  
recommended f o r  permanent t i e b a c k s  because  t h e  r e s i n  may n o t  comple te ly  
e n c a p s u l a t e  t h e  t endon ,  and t h e y  do n o t  p rov ide  a  h i g h  pH environment .  

Pumped l i q u i d  r e s i n s  have been used i n  Germany f o r  rock  t i e b a c k s .  The 
g r o u t i n g  methods a r e  s i m i l a r  t o  t h o s e  used f o r  cement g r o u t .  Pumped r e s i n  
permanent t i e b a c k s  shou ld  be e n c a p s u l a t e d  i n  a  manner s i m i l a r  t o  t h a t  shown 
i n  F igures  45 o r  46. 



B .  Admixtures  

Some t i e b a c k  s p e c i f i c a t i o n s  r e q u i r e  t h e  u s e  o f  w a t e r  r e d u c i n g  o r  
expand ing  a d m i x t u r e s  w h i l e  o t h e r s  f o r b i d  t h e i r  u s e .  These a d m i x t u r e s  
g e n e r a l l y  r e t a r d  t h e  g r o u t  s e t  and promote s e d i m e n t a t i o n  o f  t h e  cement 
p a r t i c l e s  i n  t h e  g r o u t  s o l u t i o n  p r i o r  t o  s e t .  S e d i m e n t a t i o n  may c a u s e  
i n t e r m i t t e n t  v o i d s  i n  l ow-p re s su re -g rou ted  t i edowns  [ 9 6 ] ,  p a r t i c u l a r l y  a t  
t h e  s p a c e r s  and c e n t r a l i z e r s ,  and i t  i s  e x a g g e r a t e d  i n  s t r a n d  t y p e  t e n d o n s  
because  o f  t h e  f i l t e r i n g  a c t i o n  a l o n g  t h e  i n t e r s t i c e s  formed by t h e  s i x  
o u t e r  w i r e s  s u r r o u n d i n g  t h e  c e n t e r  w i r e .  Admixtures  c o n t a i n i n g  g e l l i n g  
a g e n t s ,  which improve t h e  w a t e r  r e t e n t i o n  o f  t h e  g r o u t  s o l u t i o n ,  c a n  be  u s e d  
t o  c o n t r o l  g r o u t  s e d i m e n t a t i o n .  G e l l i n g  a g e n t s  may r educe  g r o u t  s t r e n g t h .  
The m a n u f a c t u r e r  s h o u l d  be c o n s u l t e d  b e f o r e  s p e c i f y i n g  them f o r  a n c h o r  
g r o u t .  

Expans ive  a g e n t s  such  a s  aluminum powder a r e  sometimes s p e c i f i e d  i n  a n  
a t t e m p t  t o  c o n t r o l  g r o u t  s h r i n k a g e  and s e t t l e m e n t  caused  by s e d i m e n t a t i o n .  
They a c h i e v e  e x p a n s i o n  by t h e  g e n e r a t i o n  o f  g a s .  These a d m i x t u r e s  r e d u c e  
t h e  c o m p r e s s i v e  s t r e n g t h  o f  t h e  g r o u t  i n  a n  app rox ima te  d i r e c t  r e l a t i o n s h i p  
t o  t h e  d e c r e a s e  i n  d e n s i t y  caused  by g a s e o u s  e x p a n s i o n .  N i c h o l s o n  [ 5 0 ]  
r e p o r t e d  a  s i g n i f i c a n t  s t r e n g t h  l o s s  when a n  aluminum powder a d m i x t u r e  was 
u sed .  Expans ive  a d m i x t u r e s  a r e  n o t  recommended f o r  t i e b a c k  a p p l i c a t i o n s .  

When t h e  a n c h o r  l e n g t h  i s  g r o u t e d  u n d e r  p r e s s u r e  i n  sandy s o i l s ,  i t  i s  
d e s i r a b l e  t o  u s e  t h e  b l e e d  o r  w a t e r  s e p a r a t i o n  phenomenon t o  p e r m i t  t h e  
w a t e r  t o  be d r i v e n  from t h e  g r o u t .  I n  t h i s  t y p e  o f  a p p l i c a t i o n ,  a d m i x t u r e s  
which c o n t r o l  t h e  b l e e d  a r e  n o t  d e s i r a b l e .  

Admixtures  t o  a c c e l e r a t e  t h e  t i m e  o f  s e t  t o  a v o i d  f r e e z i n g  g e n e r a l l y  a r e  
n o t  r e q u i r e d  f o r  t h e  a n c h o r  l e n g t h  s i n c e  t h e  ground t e m p e r a t u r e  i n  t h e  
t e m p e r a t e  zone i s  a b o u t  55"  F. ( 13"  C )  y e a r  round.  However, where  g r o u t  i s  
u sed  t o  p r o t e c t  t h e  a n c h o r a g e ,  a c c e l e r a t o r s  may be  r e q u i r e d  i n  f r e e z i n g  
w e a t h e r .  A c c e l e r a t o r s  s h o u l d  n o t  c o n t a i n  c h l o r i d e s .  

C. Chemical  A t t a c k  o n  P o r t l a n d  Cement Grout  

There  a r e  no  r e p o r t e d  t i e b a c k  f a i l u r e s  r e s u l t i n g  from c h e m i c a l  a t t a c k  o n  
t h e  g r o u t .  ASTM C-150 Type I p o r t l a n d  cement  g r o u t  i s  t h e  most  common 
t i e b a c k  g r o u t ,  and i t  w i l l  p e r fo rm s a t i s f a c t o r i l y  when exposed  t o  most  
env i ronmen t  s. 

However, a l l  t y p e s  o f  p o r t l a n d  cement  w i l l  d e t e r i o r a t e  when exposed  t o  
a c i d  e n v i r o n m e n t s ,  and  Type I and  Type I11 cements  a r e  s u s c e p t i b l e  t o  
s u l f a t e  a t t a c k .  The amount o f  d e t e r i o r a t i o n  i n c r e a s e s  w i t h  i n c r e a s i n g  
water -cement  r a t i o ,  g r o u t  p e r m e a b i l i t y ,  t e m p e r a t u r e ,  and c i r c u l a t i o n  o f  t h e  
c o r r o s i v e  a g e n t .  I n  a s t a g n a n t  e n v i r o n m e n t ,  t h e  p r o d u c t s  formed by t h e  
a t t a c k  w i l l  form a  b a r r i e r  and l i m i t  f u r t h e r  d e t e r i o r a t i o n .  Dense,  low 
water -cement  r a t i o  g r o u t  would be t h e  most  r e s i s t a n t  t o  c h e m i c a l  a t t a c k .  

Acid a t t a c k  r e s u l t s  when o r g a n i c  o r  i n o r g a n i c  a c i d s  r e a c t  w i t h  t h e  
cement  t o  form s o l u b l e  s a l t s  which a r e  removed by l e a c h i n g .  I f  b u r i e d  
c o n c r e t e  s t r u c t u r e s  i n  s i m i l a r  e n v i r o n m e n t s  have  e x p e r i e n c e d  a c i d  a t t a c k ,  
t h e n  p o r t l a n d  c e n e n t  g r o u t  s h o u l d  n o t  be  used  f o r  permanent  t i e b a c k s .  I f  
t h e  pe r fo rmance  i n f o r m a t i o n  on o t h e r  s t r u c t u r e s  i s  n o t  a v a i l a b l e ,  t h e n  



p o r t l a n d  cement shou ld  n o t  be used i f  t h e  pH i s  l e s s  t h a n  5.0. Acid 
r e s i s t a n t  cements a r e  a v a i l a b l e ,  b u t  they  have n o t  been used f o r  t i e b a c k  
a p p l i c a t i o n s .  F i e l d  t e s t s  should  be performed t o  de te rmine  which a c i d  
r e s i s t a n t  cements cou ld  be used f o r  permanent t i e b a c k s .  

S u l f a t e s  o f  sodium, magnesium, potass ium,  and ca lc ium,  f r e q u e n t l y  found 
i n  s o i l s  i n  t h e  w e s t e r n  United S t a t e s ,  a t t a c k  p o r t l a n d  cement by chemica l ly  
r e a c t i n g  w i t h  hydra ted  l ime and hydra ted  ca lc ium a lumina te  t o  form ca lc ium 
s u l f a t e  and ca lc ium s u l f o a l u m i n a t e ,  r e s p e c t i v e l y .  These compounds have a  
low s o l u b i l i t y ,  and they  d i s r u p t  t h e  g r o u t  because  t h e i r  volume i s  g r e a t e r  
t h a n  t h e  volume o f  t h e  cement p a s t e  from which they  were formed. The t e s t s  
n e c e s s a r y  t o  de te rmine  t h e  s u l f a t e  c o n t e n t  o f  t h e  s o i l  o r  ground w a t e r  a r e  
d i s c u s s e d  i n  Chapter  5. 

Mather [ 9 7 ]  r e p o r t e d  t h a t  t h e r e  i s  a  c o r r e l a t i o n  between t h e  t r i c a l c i u m  
a lumina te  c o n t e n t  and t h e  s u l f a t e  r e s i s t a n c e  o f  t h e  cement. ASTM C-150 Type 
I1 cement s p e c i f i c a t i o n s  l i m i t  i t s  t r i c a l c i u m  a lumina te  c o n t e n t  t o  8  p e r c e n t  
and i t  i s  c l a s s i f i e d  a s  modera te ly  s u l f a t e  r e s i s t a n t .  ASTM C-150 cement 
s p e c i f i c a t i o n s  s e t  t h e  maximum t r i c a l c i u m  a lumina te  c o n t e n t  f o r  Type V 
cement a t  5  p e r c e n t ,  and i t  i s  c l a s s i f i e d  a s  s u l f a t e  r e s i s t a n t .  

The A C I  [ 2 8 ]  and t h e  Bureau o f  Reclamation [98]  have pub l i shed  
recommendations f o r  t h e  s e l e c t i o n  o f  cement used f o r  normal weight c o n c r e t e  
and s u b j e c t e d  t o  s u l f a t e  a t t a c k .  Low p e r m e a b i l i t y  dense  anchor  g r o u t  
probably  do n o t  r e q u i r e  s u l f a t e  r e s i s t a n t  cements i n  accordance w i t h  t h e s e  
recommendations. However, u n t i l  more i s  l e a r n e d  about  s u l f a t e  a t t a c k  on 
g r o u t ,  Type V cement g r o u t  should  be  used i f  t h e  w a t e r  s o l u b l e  s u l f a t e  
c o n t e n t  exceeds  2000 mglkg. 

D. Mixing and Pumping 

Neat cement t i e b a c k  g r o u t s  a r e  mixed w i t h  paddle mixers  o r  h i g h  
t u r b u l e n c e  m i x e r s .  Paddle mixers  mix by a g i t a t i n g  t h e  cement and w a t e r  w i t h  
b l a d e s  r o t a t i n g  a t  speeds  up t o  100 rpm. High t u r b u l e n c e  mixers  r o t a t e  
i m p e l l e r s  o r  s h e a r  d i s c s  a t  speeds  i n  e x c e s s  o f  1500 rpm. They mix t h e  
g r o u t  by s h e a r i n g  t h e  f l u i d .  Each mixing u n i t  h a s  a  s e p a r a t e  a g i t a t e d  
h o l d i n g  t ank .  The g r o u t  i s  u s u a l l y  s i e v e d  t o  remove lumps b e f o r e  e n t e r i n g  
t h e  h o l d i n g  t ank .  

S i t e  mixed sand-cement g r o u t  i s  mixed i n  c o n v e n t i o n a l  h o r i z o n t a l  o r  
v e r t i c a l  m o r t a r  paddle  mixers .  Depending on t h e  c a p a c i t y  and c o n f i g u r a t i o n  
o f  t h e  mixer ,  a n  a g i t a t e d  h o l d i n g  t a n k  may be used.  

Neat cement anchor  g rou t  i s  pumped w i t h  p r o g r e s s i v e  c a v i t a t i n g  screw 
pumps, o r  p o s i t i v e  d i sp lacement  p i s t o n  pumps. Screw o r  p i s t o n  pumps a r e  
used f o r  p r e s s u r e s  l e s s  t h a n  150 p s i  (1 ,035  k ~ a ) .  P i s t o n  pumps a r e  used t o  
o b t a i n  t h e  h i g h  p r e s s u r e s  r e q u i r e d  f o r  p r e s s u r e  i n j e c t e d  and pos tg rou ted  
t i e b a c k s .  

Sand-cement g r o u t  i s  pumped w i t h  c o n v e n t i o n a l  g r o u t  pumps. They a r e  
p i s t o n  pumps c a p a b l e  o f  pumping g rou t  w i t h  a n  a g g r e g a t e  s i z e  o f  318 i n c h  
(9 .5  mm) o r  l e s s .  



The g r o u t i n g  equipment  i s  s i z e d  s o  t h a t  t h e  g r o u t i n g  o p e r a t i o n s  a r e  n o t  
i n t e r r u p t e d  d u r i n g  t h e  g r o u t i n g  o f  a n  i n d i v i d u a l  t i e b a c k .  S e c t i o n s  4.1 
t h r o u g h  4 .5 ,  and  4.7 t h r o u g h  5 .2  o f  t h e  PCI, Recommended P r a c t i c e  f o r  
Grou t ing  o f  Pos t -Tens ioned P r e s t r e s s e d  C o n c r e t e ,  [ 9 9 ]  p r o v i d e  a d d i t i o n a l  
d e s c r i p t i o n s  o f  g r o u t i n g  equipment  and g r o u t  mix ing .  

ROCK TIEBACK INSTALLATION 

Rock t i e b a c k s  a r e  n o r m a l l y  i n s t a l l e d  i n  s t r a i g h t - s h a f t e d  d r i l l  h o l e s .  
F i g u r e  70  shows a  t y p i c a l  r o c k  t i e b a c k  i n s t a l l a t i o n  s e q u e n c e .  A f t e r  t h e  
d r i l l  h o l e  i s  made and  c l e a n e d ,  t h e n  i t  i s  t r e m i e  g r o u t e d .  F i n a l l y ,  t h e  
t e n d o n  i s  p l a c e d  i n  t h e  g r o u t  f i l l e d  h o l e .  A s  a n  a l t e r n a t e ,  t h e  t e n d o n  and 
a  g r o u t  t u b e  c a n  be i n s e r t e d  i n t o  t h e  h o l e  s i m u l t a n e o u s l y ,  s e e  F i g u r e  71. 
A f t e r  t h e y  a r e  i n  p o s i t i o n ,  g r o u t  i s  pumped t h r o u g h  t h e  g r o u t  t u b e  f i l l i n g  
t h e  d r i l l  h o l e .  R e g a r d l e s s  o f  t h e  method,  t h e  g r o u t  i s  a l w a y s  p l a c e d  from 
t h e  l o w e s t  p o i n t .  

A. Rock and Overburden D r i l l i n g  

Depending on  t h e  h a r d n e s s  o f  t h e  r o c k  f o r m a t i o n ,  r o c k  c a n  be  d r i l l e d  
w i t h  p e r c u s s i o n  a n d / o r  r o t a r y  t e c h n i q u e s .  Table  1 0  i s  a  g u i d e  t o  t h e  
d r i l l a b i l i t y  o f  v a r i o u s  r o c k  f o r m a t i o n s .  

P e r c u s s i o n  D r i l l i n g  

Air t r a c k s  o r  down-the-hole hammers a r e  used  t o  p e r c u s s i o n  d r i l l  a l l  
t y p e s  o f  r o c k  f o r m a t i o n s .  A i r  t r a c k s  a r e  c a p a b l e  o f  d r i l l i n g  uncased  h o l e s  
up t o  5  i n c h e s  (127 mm) i n  d i a m e t e r .  They a r e  u sed  f o r  r o c k  t i e b a c k s  when 
t h e  t o t a l  t i e b a c k  l e n g t h  i s  l e s s  t h a n  1 0 0  f e e t  (30.5 m). Down-the-hole 
hammers a r e  u s e d  w i t h  r o t a r y  d r i l l s .  Hammers f o r  r o c k  t i e b a c k  work a r e  
a v a i l a b l e  i n  s i z e s ,  from 3 t o  1 0  i n c h e s  (76  t o  254  mm) i n  d i a m e t e r .  
Down-the-hole hammers a r e  u s e d  f o r  r o c k  t i e b a c k s  when t h e  d r i l l  h o l e  e x c e e d s  
f o u r  o r  f i v e  i n c h e s  (102 o r  127 mm) i n  d i a m e t e r ,  when t h e  l e n g t h  o f  t h e  h o l e  
e x c e e d s  1 0 0  f e e t  (30 .5  m) ,  o r  when b o t h  r o t a r y  and p e r c u s s i o n  d r i l l i n g  a r e  
r e q u i r e d .  

Air t r a c k s  and  down-the-hole hammers u s e  c a r b i d e  c r o s s  b i t s  o r  b u t t o n  
b i t s .  These b i t s  c r u s h  and c h i p  t h e  r o c k  when impac ted .  Normally 
compressed  a i r  i s  u s e d  t o  e x h a u s t  t h e  c u t t i n g s  from t h e  d r i l l  h o l e .  

H y d r a u l i c  r o t a r y  p e r c u s s i o n  hammers have  been  deve loped  i n  Europe .  
These d r i l l s  a r e  c r a w l e r  mounted,  and  t h e  hammer h a s  h i g h  r o t a r y  t o r q u e .  
When a h y d r a u l i c  hammer i s  u s e d ,  w a t e r  a n d / o r  a i r  c a n  be u s e d  t o  e x h a u s t  t h e  
c u t t i n g s  f rom t h e  d r i l l  h o l e .  H y d r a u l i c  r o t a r y  p e r c u s s i o n  d r i l l s  have  
e n a b l e d  t h e  development  o f  a l o s t - b i t  d r i l l i n g  t e c h n i q u e  f o r  r o c k  t i e b a c k s .  
I n  t h i s  method a  c a r b i d e  i n s e r t e d  b i t ,  s l i g h t l y  l a r g e r  t h a n  t h e  c a s i n g ,  i s  
f i t t e d  o n  t h e  c a s i n g .  The c a s i n g  u s u a l l y  h a s  a n  o u t s i d e  d i a m e t e r  o f  3  t o  4  
i n c h e s  (76  t o  1 0 2  mm). Dur ing  d r i l l i n g  t h e  c a s i n g  f u n c t i o n s  a s  t h e  d r i l l  
s t e e l .  Upon c o m p l e t i o n  o f  t h e  h o l e ,  t h e  t endon  i s  i n s e r t e d  i n t o  t h e  c a s i n g ,  
and t h e  b i t  i s  knocked o f f  t h e  e n d .  The t i e b a c k  i s  g r o u t e d  a s  t h e  c a s i n g  i s  
e x t r a c t e d .  



a )  D r i l l  

b)  F i l l  

and c l e a n  h o l e ,  

h o l e  w i t h  g r o u t .  

c )  I n s e r t  t endon .  

F i g u r e  70. C o n s t r u c t i o n  s t e p s  f o r  a  t r e m i e - g r o u t e d ,  
s t r a i g h t - s h a f t e d  r o c k  t i e b a c k .  

1 4 0  



a )  D r i l l  and c l e a n  h o l e ,  

b) I n s e r t  tendon w i t h  g r o u t  t u b e .  

F i g u r e  61.  C o n s t r u c t i o n  s t e p s  f o r  a  s t r a i g h t - s h a f t e d  r o c k  t i e b a c k  
g rou ted  a f t e r  tendon i n s e r t i o n .  



Tab le  1 0 .  Rock d r i l l a b i l i t y  g u i d e .  

Ro ta ry  D r i l l i n g  

r --.- -.-.. *.--- " - - -- .- --------------- 

When t h e  r o c k  f o r m a t i o n  i s  r e l a t i v e l y  s o f t ,  r o t a r y  d r i l l i n g  w i t h  a  d r a g  
o r  a  r o l l e r  cone  b i t  i s  u s e d .  These b i t s  a r e  a v a i l a b l e  i n  s i z e s  r a n g i n g  
f rom 3.75 t o  1 2 . 2 5  i n c h e s  (9 .5  t o  31.2 cm). Rock h o l e s  d r i l l e d  by r o t a r y  
methods a r e  n o r m a l l y  c l e a n e d  w i t h  w a t e r .  A i r  c a n  be used  t o  c l e a n  t h e s e  
h o l e s ,  b u t  a i r  i s  n o t  a s  e f f i c i e n t  as w a t e r .  The method used  t o  c l e a n  t h e  
d r i l l  h o l e  c a n  a f f e c t  t h e  c a p a c i t y  o f  t h e  t i e b a c k  i f  f i n e - g r a i n e d  s o i l  o r  
r o c k  p a r t i c l e s  c o a t  t h e  w a l l  o f  t h e  h o l e .  

Rock 

Hardness  

Overburden D r i l l i n n  

f o r m a t i o n  D r i l l i n g  Method - ----------- ---- ---- 

Type 

The d r i l l i n g  t e c h n i q u e s  r e q u i r e d  t o  d r i l l  t h r o u g h  o v e r b u r d e n  t o  t h e  t o p  
o f  sound r o c k  a r e  c a l l e d  ove rburden  d r i l l i n g .  O f t e n  c a v i n g  s o i l s ,  b o u l d e r s ,  
f r a c t u r e d  r o c k ,  o r  w e a t h e r e d  r o c k  o v e r l i e  t h e  r o c k  f o r m a t i o n  where t h e  
t i e b a c k  w i l l  be a n c h o r e d .  I n  o r d e r  t o  i n s t a l l  t h e  r o c k  t i e b a c k ,  t h e  d r i l l  
h o l e  must  be c a s e d  i n  t h e  s o i l  ove rburden .  

,. .- --.---- -$ ----.-- Dragr/ -------- Rol le ;  b i t  [:y:yiin - ' 

So£ t 

Medium 

Medium 
Hard 

Hard 

Very Hard 

So£ t S h a l e  
Marl and Chalk  (No F l i n t )  
S h a l e  

Boulder  C lay  
S i l t s t o n e  
C o a l  
L imes tone  and S a n d s t o n e  
D o l o m i t i c  L imes tone  
S l a t e  
Tuf f  

---.- ----"- --.- 
b; 

* 

S c h i s t  
L imes tone  ( S i l i c o u s )  
G n e i s s  

D i o r i t e  
Gabbro 
A n d e s i t e  

B a s a l t  
Sands  t o n e  (Cemented) 
R h y o l i t e  
G r a n i t e  
P e g m a t i t e  
Q u a r t z i t e  

.'. 
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* 
A 

A 

A 
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J( 

j, 

* 
.k 
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"Odex" D r i l l i n g  i s  t h e  t radename f o r  a d r i l l i n g  t e c h n i q u e  deve loped  by 
Atlas Copco and Sandv ik .  The method u s e s  a  d r i l l  b i t  w i t h  a n  e c c e n t r i c  
reamer  t o  d r i l l  a  h o l e  l a r g e r  t h a n  t h e  o u t s i d e  d i a m e t e r  o f  t h e  c a s i n g .  The 
d r i l l i n g  method u s e s  a t o p  d r i v e  hammer f o r  3 i n c h  ( 7 6  mm) d i a m e t e r  h o l e s  
and a  down-the-hole hammer f o r  4 .5  i n c h  (115 mm) h o l e s .  F i g u r e  72 shows t h e  
b a s i c  d r i l l i n g  method,  and  F i g u r e  73 shows t h e  d r i l l  s t r i n g s  f o r  b o t h  t h e  
t o p  d r i v e  and t h e  down-the-hole hammers. A s i m i l a r  d r i l l i n g  method u s i n g  
down-the-hole hammers, c a l l e d  S a t u r n  d r i l l i n g ,  h a s  been  deve loped  by 
Stenwick  i n  Belgium. Large  l o s s  o f  ground was r e p o r t e d  when "Cdex" d r i l l i n g  
was u s e d  t o  i n s t a l l  t i e b a c k  c a s i n g  th rough  sandy  o v e r b u r d e n  a t  Locks and Dam 
Number 2 6 ,  A l t o n ,  I l l i n o i s  [ l o o ] .  

"Klemm System" d r i l l i n g  i s  a  t radename which d e s c r i b e s  a n  o v e r b u r d e n  
d r i l l i n g  t e c h n i q u e  deve loped  by Gunter  Klemm. T h i s  method u s e s  a two-tube 
d r i l l i n g  t e c h n i q u e  t o  advance  a  d r i l l  h o l e  t h rough  s o i l  w i t h  b o u l d e r s .  The 
d r i l l  s t r i n g  i s  a r r a n g e d  a s  shown i n  F i g u r e  7 4 .  A t o p  d r i v e  hammer i s  used  
t o  impac t  and  r o t a t e  b o t h  t h e  o u t s i d e  c a s i n g  and t h e  i n s i d e  d r i l l  r o d s .  A 
c a r b i d e  c r o s s - b i t  i s  u s e d  on  t h e  r o d s .  A i r ,  w a t e r ,  o r  a  m i x t u r e  o f  a i r  and  
w a t e r  a r e  u sed  t o  c l e a n  t h e  h o l e .  The f l u s h i n g  f l u i d  i s  r e t u r n e d  t o  t h e  
s u r f a c e  i n  t h e  a n n u l a r  s p a c e  between t h e  c a s i n g  and t h e  r o d s .  Once t h e  h o l e  
h a s  been  advanced t o  t h e  t o p  o f  sound r o c k ,  t h e  r o c k  i s  p e r c u s s i o n  d r i l l e d  
u s i n g  t h e  c a r b i d e  b i t  on  t h e  r o d s .  

Overburden i s  f r e q u e n t l y  d r i l l e d  by s p i n n i n g  a  c a s i n g  down t o  t h e  t o p  o f  
sound r o c k .  The c a s i n g  i s  p rov ided  w i t h  a  c a s i n g  shoe  o r  c o r i n g  b i t .  
F i g u r e  75  shows t h e  r o t a r y  d r i l l i n g  sequence  used  t o  d r i l l  t h rough  t h e  
ove rburden .  P i l o t  d r i l l i n g  i n  f r o n t  o f  t h e  c a s i n g  w i t h  t h e  i n t e r i o r  d r i l l  
s t r i n g ,  o r  s i m u l t a n e o u s l y  r o t a t i n g  and advanc ing  a n  i n t e r i o r  d r i l l  s t r i n g  
and c a s i n g  may be u s e d  t o  advance  t h e  c a s i n g .  Water i s  n o r m a l l y  u s e d  t o  
f l u s h  t h e  c a s i n g  c l e a n .  Once t h e  c a s i n g  i s  s e a l e d  on t h e  r o c k ,  t h e  r o c k  i s  
d r i l l e d  u s i n g  a r o l l e r  cone  b i t ,  d r a g  b i t ,  o r  down-the-hole hammer. 

B. Rock T ieback  G r o u t i n g  

The a n c h o r  g r o u t  i s  u s e d  t o  t r a n s f e r  l o a d  f rom t h e  t e n d o n  t o  t h e  r o c k  
and t o  p r o v i d e  c o r r o s i o n  p r o t e c t i o n .  

W a t e r t i g h t n e s s  o f  t h e  Rock 

Sometimes t h e  w a t e r t i g h t n e s s  o f  a  d r i l l  h o l e  i n  r o c k  i s  t e s t e d  p r i o r  t o  
g r o u t i n g  t h e  t i e b a c k .  The pu rpose  o f  t h e  t e s t  i s  t o  e v a l u a t e  t h e  
p o s s i b i l i t y  o f  g r o u t  l o s s  f rom a round  a  permanent  r o c k  t i e b a c k .  L i t t l e j o h n  
and Bruce [ l o l l  s t a t e d  t h a t  w a t e r t i g h t n e s s  t e s t i n g  was n o t  r o u t i n e l y  
per formed.  The d e c i s i o n  whe the r  t o  r e q u i r e  t h i s  t e s t  h a s  been  l e f t  t o  t h e  
judgment o f  t h e  e n g i n e e r  r e s p o n s i b l e  f o r  t h e  work.  I f  l a r g e  w a t e r  l o s s e s  
a r e  o b s e r v e d  d u r i n g  c o r e  d r i l l i n g ,  t h e n  w a t e r t i g h t n e s s  t e s t s  s h o u l d  be 
per formed.  C o r r o s i o n  p r o t e c t i o n ,  n o t  l o a d  c a r r y i n g  a b i l i t y ,  i s  t h e  main  
r e a s o n  f o r  a t t e m p t i n g  t o  c o n t r o l  t h e  l o s s  o f  g r o u t .  I f  t h e  g r o u t  l o s s  i s  
l a r g e  enough t o  a f f e c t  t h e  c a p a c i t y  o f  t h e  t i e b a c k ,  t h i s  w i l l  become 
a p p a r e n t  upon t e s t i n g .  

The w a t e r t i g h t n e s s  t e s t ,  " w a t e r p r e s s u r e  t e s t , "  measu res  t h e  g a i n  o r  l o s s  
of  w a t e r  f rom t h e  d r i l l  h o l e .  A s t a n d p i p e ,  o r  a  packe r  w i t h  f l o w  m e t e r  and  
p r e s s u r e  gauge  a r e  u s e d  t o  measure  t h e  g a i n  o r  l o s s  o f  w a t e r .  I f  a r t e s i a n  



a )  Advance c a s i n g  t o  t o p  of r o c k  u s i n g  e c c e n t r i c  b i t .  

b )  D r i l l  r o c k  w i t h  i n t e r i o r  d r i l l  r o d s  and c a r b i d e  b i t .  

c )  Tremie g r o u t  t h e  d r i l l  h o l e  and i n s e r t  t endon .  

F i g u r e  7 2 .  S t e p s  i n  "Odex" d r i l l i n g .  



I n t e r i o r  
r o d s  

d r i l l  
2 

R o t a t i o n  and impac t  

S t r i k e r  b a r  

Supp ly  s w i v e l  
-Il 

. s c h a r g e  swi 

.11 e x h a u s t  

C a s i n g  

Reamer b i t  

a )  Top d r i v e  "Odex" d r i l l i n g .  

t 
A i r  and foam f l u s h  

R o t a t i o n  

D i s c h a r g e  s w i v e l  

D r i l l  e x h a u s t  

I n t e r i o r  d r i l l  r o d s  

Cas ing  

Down- t h e - h o l e  hammer 

* Reamer b i t  

b)  R o t a r y  d r i v e  "Odex" d r i l l i n g ,  

F i g u r e  73 .  "Odex" d r i l l  s t r i n g  a r r a n g e m e n t .  



A i r  o r  a i r l w a t e r  f l u s h  

R o t a t i o n  and impac t  

S t r i k e r  b a r  

Cas ing  c o u p l e r  

D r i l l  r o d  c o u p l e r  

I n t e r i o r  d r i l l  r o d s  

F i g u r e  7 4 .  "Klemm" sys t em d r i l l  s t r i n g  a r r angemen t .  



d. 

a )  D r i l l  ove rburden  u s i n g  c a s i n g  and d r i l l  r o d s .  

b)  D r i l l  r o c k  s o c k e t  w i t h  d r a g  o r  r o l l e r  cone  b i t s ,  
o r  a  down-the-hole hammer. 

c)  Tremie  g r o u t  t h e  d r i l l  h o l e .  

Figure  75 .  S t e p s  i n  r o t a r y  ove rburden  d r i l l i n g .  



d) I n s e r t  t h e  t endon .  

e )  E x t r a c t  t h e  c a s i n g .  

Figure 75. S t e p s  i n  r o t a r y  ove rburden  d r i l l i n g .  
( c o n t i n u e d )  



w a t e r  i s  n o t  o b s e r v e d  a t  t h e  t o p  o f  t h e  d r i l l  h o l e ,  t h e  e l e v a t i o n  o f  t h e  
w a t e r  i s  measu red .  Then t h e  r a t e  o f  w a t e r  f l o w  i n t o  t h e  d r i l l  h o l e  a t  a  
c o n s t a n t  p r e s s u r e  i n  e x c e s s  o f  h y d r o s t a t i c  p r e s s u r e  i s  measured .  I f  t h e  
f l o w  r a t e  e x c e e d s  a  l i m i t  v a l u e ,  t h e n  i t  i s  assumed t h a t  g r o u t  l o s s  may be 
e x c e s s i v e  and t h e  h o l e  s h o u l d  be w a t e r p r o o f e d  by g r o u t i n g .  There i s  a  
d i f f e r e n c e  o f  o p i n i o n  c o n c e r n i n g  a c c e p t a b l e  f l o w  r a t e s .  L i t t l e j o h n  [ l o 2 1  
i n d i c a t e d  t h a t  t h e  w a t e r  f l o w  r a t e  shou ld  be based  upon t h e  f i s s u r e  w i d t h  
t h a t  would p e r m i t  cement g r o u t  t o  f l o w  unde r  low p r e s s u r e .  A 160  mic ron  
c r a c k  o r  j o i n t  may be permeable  t o  cement g r o u t  and unde r  a  one  a tmosphe re  
p r e s s u r e  i t  would e n a b l e  0.84 g a l l o n s  (0.0032 m3) o f  w a t e r  p e r  minu te  (3.2 
l i t r e s / m i n . )  t o  f l o w  f rom t h e  h o l e  [ 1 0 2 ] .  A w a t e r  pump, a  f l o w  m e t e r ,  and 
a n  i n f l a t a b l e  p a c k e r  a r e  r e q u i r e d  i n  o r d e r  t o  d e v e l o p  a  one  a tmosphe re  
p r e s s u r e  i n  a  d r i l l  h o l e .  However, a  5  p s i  (34 .5  kPa)  p r e s s u r e  c a n  be 
e a s i l y  o b t a i n e d  u s i n g  a  s t a n d  p i p e  w i t h  a n  1 1 . 5  f o o t  (3.52 m) head o f  
w a t e r .  A t  5  p s i  a  1 6 0  m i c r o n  c r a c k  would e n a b l e  a b o u t  0 . 5  g a l l o n s  (0.0019 
m3) o f  w a t e r  p e r  minu te  t o  f l o w  from t h e  h o l e .  A w a t e r  p r e s s u r e  t e s t  
s h o u l d  be per formed f o r  1 0  m i n u t e s ,  and t h e  f l o w  r a t e  s h o u l d  be used  t o  
d e t e r m i n e  whe the r  o r  n o t  w a t e r p r o o f i n g  i s  n e c e s s a r y .  

I f  a r t e s i a n  w a t e r  i s  o b s e r v e d  t h e n  s i m p l e  c o r r o s i o n  p r o t e c t e d  t i e b a c k s  
s h o u l d  be  made t i g h t  by g r o u t i n g .  

I f  a r t e s i a n  c o n d i t i o n s  d o  n o t  e x i s t  and  w a t e r p r o o f i n g  i s  r e q u i r e d ,  g r o u t  
i s  t r e m i e d  i n t o  t h e  d r i l l  h o l e .  I f  a r t e s i a n  p r e s s u r e  i s  p r e s e n t ,  a  packe r  
w i l l  be  p l a c e d  a t  t h e  t o p  o f  t h e  h o l e  and t h e  g r o u t  w i l l  be p l a c e d  unde r  
p r e s s u r e .  The g r o u t  u sed  t o  w a t e r p r o o f  a  d r i l l  h o l e  i s  a l s o  r e f e r r e d  t o  a s  
c o n s o l i d a t i o n  g r o u t .  Twenty-four h o u r s  a f t e r  g r o u t i n g ,  t h e  h o l e  i s  
r e d r i l l e d  and t h e  w a t e r t i g h t n e s s  o f  t h e  h o l e  i s  r echecked .  I f  t h e  d r i l l  
h o l e  p a s s e s  t h e  t e s t ,  t h e  t i e b a c k  c a n  be  comple t ed .  I f  t h e  t e s t  f a i l s ,  t h e  
p r o c e s s  i s  r e p e a t e d .  

When t h e  t i e b a c k  t e n d o n  i s  f u l l y  e n c a p s u l a t e d  i n  a  c o r r o s i o n  p r o t e c t i o n ,  
w a t e r t i g h t n e s s  t e s t i n g  i s  n o t  r e q u i r e d .  I n  a d d i t i o n ,  w a t e r  p r e s s u r e  t e s t i n g  
i s  n o t  per formed on  d r i l l  h o l e s  when t h e  a n c h o r  g r o u t  i s  p l a c e d  u s i n g  
p r e s s u r e  g r o u t i n g  t e c h n i q u e s  (See  Page 1 5 0 ) .  

Grou t ing  

Most r o c k  t i e b a c k s  a r e  t r e m i e  g r o u t e d  w i t h o u t  p r e s s u r e .  A s e p a r a t e  
g r o u t  t u b e  i s  p l a c e d  t o  t h e  bot tom o f  t h e  d r i l l  h o l e .  Grout  i s  t h e n  pumped 
i n t o  t h e  d r i l l  h o l e  u n t i l  good q u a l i t y  g r o u t  i s  obse rved  f l o w i n g  from t h e  
t o p  o f  t h e  h o l e .  Grout  c a n  a l s o  be pumped t h r o u g h  t h e  d r i l l  s t r i n g  i f  
r o t a r y  d r i l l i n g  was u s e d  t o  d r i l l  t h e  r o c k .  A f t e r  t h e  d r i l l  h o l e  i s  f i l l e d  
w i t h  g r o u t ,  t h e  t e n d o n  i s  i n s e r t e d .  

The t e n d o n  may be  p l a c e d  p r i o r  t o  g r o u t i n g .  I n  t h i s  c a s e  t h e  t e n d o n  i s  
i n s e r t e d  w i t h  a g r o u t  t u b e .  A f t e r  t h e  t e n d o n  i s  i n  p l a c e ,  g r o u t  i s  pumped 
u n t i l  good q u a l i t y  g r o u t  c o m p l e t e l y  f i l l s  t h e  h o l e .  

Fully-bonded t e n d o n s  a r e  a  s p e c i a l  t y p e  o f  r o c k  t i e b a c k .  These t e n d o n s  
a r e  n o t  s h e a t h e d  o v e r  t h e i r  unbonded l e n g t h ,  and t h e y  r e q u i r e  two s e p a r a t e  
g r o u t i n g s .  F i r s t  t h e  a n c h o r  g r o u t ,  p r imary  g r o u t ,  i s  p l a c e d  a round  t h e  
a n c h o r  l e n g t h .  A f t e r  t e s t i n g  and l o c k - o f f ,  t h e  unbonded l e n g t h  i s  g r o u t e d  
w i t h  s e c o n d a r y  g r o u t .  The a n c h o r  l e n g t h  o f  a  f u l l y  bonded t i e b a c k  may be 
g r o u t e d  t h r o u g h  a  g r o u t  t u b e  i n s e r t e d  i n  t h e  d r i l l  h o l e  b e f o r e  t h e  t e n d o n  i s  



placed o r  w i t h  a  g r o u t  t u b e  i n s e r t e d  w i t h  t h e  tendon.  Any g r o u t  above t h e  
anchor  l e n g t h  i s  f l u s h e d  o u t  w i t h  w a t e r .  A f t e r  l o c k - o f f ,  t h e  secondary 
g r o u t  i s  placed around t h e  unbonded l e n g t h  through a  s e p a r a t e  g r o u t  t u b e .  
The secondary g r o u t  bonds t h e  tendon a l o n g  t h e  unbonded l e n g t h  and i t  
p rov ides  c o r r o s i o n  p r o t e c t i o n  o v e r  t h e  unbonded l e n g t h .  Expansive ,  
a n t i b l e e d  g r o u t s  shou ld  be used f o r  secondary g r o u t i n g  of  permanent 
t i e b a c k s .  They p r e v e n t  g r o u t  b leed  and v o i d s  under t h e  b e a r i n g  p l a t e .  

Rock t i e b a c k s  may a l s o  be i n s t a l l e d  u s i n g  a  g r o u t i n g  method which 
e n a b l e s  t h e  g r o u t  t o  be p r e s s u r i z e d .  I n  o r d e r  f o r  t h e  g r o u t  t o  be 
p r e s s u r i z e d ,  t h e  anchor  l e n g t h  must be i s o l a t e d  from t h e  r e s t  o f  t h e  d r i l l  
h o l e .  Th i s  i s  accomplished by u s i n g  a  t i g h t  f i t t i n g  c a s i n g  o v e r  t h e  
unbonded l e n g t h ,  o r  by p l a c i n g  a n  i n f l a t a b l e  bag above t h e  anchor  l e n g t h .  
These t i e b a c k s  a r e  d r i l l e d  i n  a s i m i l a r  manner t o  any rock  t i e b a c k .  I f  t h e  
c a s i n g  i s  go ing  t o  be used t o  c r e a t e  t h e  s e a l ,  i t  i s  i n s t a l l e d  d u r i n g  
d r i l l i n g  o r  j u s t  a f t e r  comple t ion  of t h e  h o l e .  Then t h e  tendon i s  placed i n  
t h e  d r i l l  h o l e  and t r e m i e  g r o u t e d .  A f t e r  t r e m i e  g r o u t i n g  i s  completed,  a  
g r o u t  hose  i s  connected t o  t h e  c a s i n g  su r round ing  t h e  tendon and t h e  g r o u t  
i s  p r e s s u r i z e d .  I f  a  bag i s  used t o  s e a l  t h e  h o l e ,  t h e  d r i l l  h o l e  i s  t r e m i e  
g rou ted  and t h e  tendon i s  p laced .  Then t h e  bag i s  i n f l a t e d  t o  form a  s e a l .  
Once t h e  s e a l  i s  made, t h e  anchor  g r o u t  i s  p r e s s u r i z e d  th rough  a  s e p a r a t e  
g r o u t  tube .  P r e s s u r e  g r o u t i n g  a  rock  t i e b a c k  i s  done t o  i n c r e a s e  t h e  r a t e  
of l o a d  t r a n s f e r ,  improve t h e  d e n s i t y  and s t r e n g t h  of t h e  g r o u t  and t o  
s i m u l t a n e o u s l y  g r o u t  and waterproof  t h e  d r i l l  h o l e .  

An upward s l o p i n g  rock  t i e b a c k  r e q u i r e s  s p e c i a l  g r o u t i n g  p rocedures .  
F igure  76  shows a  t y p i c a l  g r o u t i n g  arrangement  f o r  a n  upward s l o p i n g  
t i e b a c k .  The d r i l l  h o l e  i s  s e a l e d  n e a r  t h e  anchorage.  Grout i s  t h e n  pumped 
through a  g r o u t  tube  t e r m i n a t i n g  j u s t  behind t h e  anchorage.  The g r o u t  f lows  
upward a long  t h e  t i e b a c k  comple te ly  f i l l i n g  t h e  d r i l l  h o l e .  Upon f i l l i n g  
t h e  d r i l l  h o l e ,  t h e  g r o u t  e n t e r s  t h e  v e n t  t u b e  and f lows  through t h e  t u b e  
back t o  t h e  f r o n t  s i d e  of  t h e  anchorage.  When good q u a l i t y  g r o u t  i s  
observed f lowing  from t h e  v e n t  t u b e ,  t h e  v e n t  i s  s e a l e d  and g r o u t i n g  i s  
s topped .  

SOIL TIEBACKS 

S o i l  t i e b a c k s  a r e  i n s t a l l e d  by a  v a r i e t y  of d r i l l i n g  and g r o u t i n g  
p rocedures .  The s e l e c t i o n  of i n s t a l l a t i o n  method depends upon t h e  s o i l  
t y p e ,  c o r r o s i o n  p r o t e c t i o n  sys tem,  groundwater c o n d i t i o n s ,  s i t e  r e s t r i c t i o n s  
and equipment a v a i l a b i l i t y .  Table 11 i n d i c a t e s  where d i f f e r e n t  s o i l  
t i e b a c k s  cou ld  be used .  

A .  Single-Underreamed Tiebacks  

Single-underreamed t i e b a c k s  a r e  i n s t a l l e d  i n  t h e  United S t a t e s  i n  s o i l s  
where t h e  d r i l l  h o l e  and t h e  underream w i l l  remain open d u r i n g  
c o n s t r u c t i o n .  F igure  7 7  shows a single-underreamed t i e b a c k  which was 
unear thed  d u r i n g  a  t e s t  program. These t i e b a c k s  a r e  made u s i n g  a  c a i s s o n  
d r i l l .  F i g u r e  7 8  shows a  c a i s s o n  d r i l l  and underreaming o r  b e l l i n g  t o o l .  
F i r s t ,  a  12  t o  1 8  i n c h  ( 3 0 4 . 8  t o  4 5 7 . 2  mm) d iamete r  s h a f t  i s  d r i l l e d  t o  t h e  
d e s i r e d  d e p t h .  Then, t h e  end of t h e  s h a f t  i s  e n l a r g e d  u s i n g  a n  underreaming 







01 m C 
g - .  

C U L .  a m 
W O U  C Y C  
m a 

W U U  O I U  U  
C a w  u 
u n u m  
m e U W  
U U m b  
C Y 3  a 
V) P a m  



F i g u r e  77. S ingle-underreamed t i e b a c k .  F i g u r e  78.  C a i s s o n  d r i l l  w i t h  
( c o u r t e s y  Donald B. Murphy) unde r reaming  t o o l .  

t o o l .  The d i a m e t e r  o f  t h e  underreams v a r y  from 2 4  t o  54 i n c h e s  (61 .0  t o  
1 , 3 7 . 2  cm). A f t e r  t h e  b e l l  i s  formed,  t h e  t endon  i s  p l a c e d  i n  t h e  d r i l l  
h o l e .  The d r i l l  h o l e  i s  t h e n  g r o u t e d  u s i n g  t r a n s i t - m i x  c o n c r e t e  o r  
sand-cement g r o u t .  I f  c o n c r e t e  i s  u s e d ,  i t  i s  poured  down t h e  t i e b a c k  
s h a f t .  I f  a  sand-cement g r o u t  i s  u s e d ,  t h e  t i e b a c k  i s  t r e m i e  g r o u t e d  u s i n g  
a  pump. The g r o u t  i s  n o t  p r e s s u r i z e d .  

B. Mul t iunderreamed T iebacks  

Mul t iunderreamed t i e b a c k s  a r e  used  i n  s t i f f  c o h e s i v e  s o i l  d e p o s i t s .  The 
s o i l  must be s t i f f  enough t o  p r e v e n t  c o l l a p s e  o f  t h e  underreams o r  d r i l l  
h o l e  i n  t h e  a n c h o r  l e n g t h .  Mul t iunderreamed t i e b a c k s  a r e  i n s t a l l e d  i n  d r i l l  
h o l e s  h a v i n g  a s h a f t  d i a m e t e r  between 5.5 and 7 i n c h e s  (140 and 1 7 8  mm). 
F i g u r e  7 9  shows a mul t iunde r reamed  t i e b a c k  exposed d u r i n g  a  t e s t  program i n  
England.  

Mul t iunde r reamed  t i e b a c k s  can  b e  c a s e d  o v e r  t h e i r  unbonded l e n g t h  s o  t h e  
t i e b a c k  c a n  be i n s t a l l e d  i n  c o h e s i v e  s o i l s  which a r e  o v e r l a i n  by c a v i n g  
s o i l s .  The h o l e  i s  c a s e d  t o  t h e  t o p  o f  t h e  a n c h o r  l e n g t h  and a u g e r s  a r e  
u sed  t o  d r i l l  t h e  s h a f t .  A f t e r  t h e  s h a f t  h a s  been  d r i l l e d  t o  t h e  d e s i r e d  
d e p t h ,  t h e  unde r reaming  t o o l  i s  i n s e r t e d  i n  t h e  h o l e .  There  a r e  a  v a r i e t y  
o f  p a t e n t e d  unde r reaming  t o o l s .  Fonded i l e  u s e s  a  m u l t i p l e  h inged  b l a d e  
underreamer  which i s  c a p a b l e  o f  e x c a v a t i n g  up t o  s e v e n  underreams 
s i m u l t a n e o u s l y .  U n i v e r s a l  Anchorage C o n t r a c t o r s ,  L t d . ,  u s e s  a  b l a d e  
underreamer  which  e x c a v a t e s  two b e l l s  a t  a  t i m e .  Cemen ta t ion  P i l i n g ,  L t d . ,  
u s e s  a  b r u s h  unde r reaming  t o o l  which  s l o w l y  opens  and s h a v e s  t h e  s o i l ,  one  
underream a t  a  t i m e .  During unde r reaming ,  w a t e r  i s  u s e d  t o  c l e a n  t h e  d r i l l  



Figure  79 .  Multiunderreamed t i e b a c k  (Cour tesy  S o i l  Mechanics L t d . ) .  

h o l e .  The e f f e c t i v e n e s s  of  t h e  p a r t i c u l a r  underreaming method depends on 
t h e  amount of t ime  s p e n t  d r i l l i n g  and c l e a n i n g  t h e  h o l e ,  and t h e  amount of 
d e b r i s  remaining a f t e r  c l e a n i n g .  A f t e r  t h e  underreams a r e  formed and t h e  
d r i l l  h o l e  i s  c l e a n e d ,  t h e  t o o l  i s  removed and n e a t  cement g r o u t  i s  pumped 
i n t o  t h e  d r i l l  h o l e  th rough  a  t r e m i e  p i p e .  The g r o u t  i s  pumped u n t i l  i t  
comple te ly  d i s p l a c e s  t h e  wa te r  and c l e a n  g r o u t  i s  observed a t  t h e  t o p  of t h e  
ho le .  The tendon i s  t h e n  i n s e r t e d  i n t o  t h e  d r i l l  h o l e .  C e n t r a l i z e r s  f o r  
t h e s e  t i e b a c k s  a r e  des igned  t o  keep t h e  tendon i n  t h e  c e n t e r  of  t h e  h o l e  
even  o v e r  t h e  underreams. 

C .  S t ra igh t -Shaf  t e d  T iebacks ,  Low Grout P r e s s u r e  

Hollow s tem a u g e r s  a r e  used t o  i n s t a l l  s t r a i g h t - s h a f t e d  t i e b a c k s  i n  a  
v a r i e t y  of  s o i l s .  Hollow stem a u g e r s  have been s u c c e s s f u l l y  used i n  s t i f f  
c l a y ,  i n t e r b e d d e d  s i l t y  c l a y s  and s a n d s ,  s a n d ,  s i l t y  c l a y ,  and r e s i d u a l  
s o i l .  F i g u r e  8 0  shows a  hollow-stem auger  i n s t a l l a t i o n  sequence.  A s l i p  
f i t  p o i n t  i s  a t t a c h e d  t o  t h e  tendon.  The tendon i s  i n s e r t e d  i n t o  t h e  a u g e r  
and t h e  p o i n t  i s  engaged.  Next, t h e  auger  i s  p o s i t i o n e d  and t h e  h o l e  i s  
d r i l l e d .  Upon comple t ion  of t h e  h o l e ,  g r o u t  i s  pumped down t h e  a u g e r  a s  t h e  
i t  i s  e x t r a c t e d .  Hollow s tem augered t i e b a c k s  a r e  normal ly  i n s t a l l e d  u s i n g  
a  one p i e c e  a u g e r .  A s e c t i o n a l  a u g e r  c a n  be used w i t h  s m a l l e r  r o t a r y  
d r i l l s .  Hollow s tem augered t i e b a c k s  a r e  common i n  t h e  United S t a t e s .  

Low-pressure-grouted t i e b a c k s  a r e  i n s t a l l e d  i n  sandy o r  g r a v e l l y  s o i l s  
u s i n g  a  g r o u t  p r e s s u r e  l e s s  t h a n  150 p s i  (1 ,035 kPa)  . Figure  81 shows a  
t y p i c a l  i n s t a l l a t i o n  sequence f o r  a  low-pressure-grouted t i e b a c k .  The d r i l l  
h o l e  f o r  t h e s e  t i e b a c k s  i s  made by r o t a t i n g  a  c a s i n g  i n t o  t h e  s o i l .  The 
c a s i n g  normal ly  h a s  a n  o u t s i d e  d i a m e t e r  of  4 t o  6 i n c h e s  (102 t o  152 mm). 
The s o i l  i n s i d e  t h e  c a s i n g  i s  removed by a  d r a g  o r  r o l l e r  cone b i t  on  a n  
i n s i d e  d r i l l  s t r i n g  u s i n g  a i r  o r  w a t e r  f l u s h i n g .  A f t e r  t h e  c a s i n g  h a s  been 
advanced t o  t h e  d e s i r e d  d e p t h ,  t h e  i n s i d e  d r i l l  r o d s  and b i t  a r e  removed 
l e a v i n g  a  cased h o l e .  The h o l e  i s  t h e n  t r e m i e  g rou ted  and t h e  tendon i s  
i n s e r t e d .  The c a s i n g  i s  reconnec ted  t o  t h e  d r i l l ,  and g r o u t  i s  pumped down 
t h e  c a s i n g  d u r i n g  e x t r a c t i o n .  Low-pressure-grouted t i e b a c k s  a r e  common i n  
t h e  United S t a t e s  and Europe. 



a )  I n s e r t  tendon i n  auger .  

b) D r i l l .  

c) Pump g r o u t  w h i l e  e x t r a c t i n g  t h e  auger .  

F igure  80. S t e p s  i n  hollow-stem-augered t i e b a c k  i n s t a l l a t i o n .  
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a )  P o s i t i o n  d r i l l  and d r i l l  h o l e  by a d v a n c i n g  c a s i n g  
and d r i l l  r o d s  s i m u l t a n e o u s l y .  C l e a n  c a s i n g  by 
f l u s h i n g  a i r  o r  w a t e r  down r o d s .  

b)  Remove t h e  d r i l l  r o d s .  

c )  Tremie  g r o u t  t h e  czsiiig, 

F i g u r e  81. C o n s t r u c t i o n  s t e p s  f o r  s t r a i g h t - s h a f t e d ,  l ow-pres su re -g rou ted  
t i e b a c k s  i n s t a l l e d  i n  s andy  s o i l s .  



d) Insert tendon. 

e) Extract casing while pumping g r o u t .  

Figure 81. Construction steps for straight-shafted, low-pressure-grouted 
tiebacks installed in sandy soils (continued). 



I n  s o i l s  where a  d r i l l  h o l e  w i l l  s t a n d  open,  c a i s s o n  d r i l l s  have been 
used t o  auger  d r i l l  s t r a i g h t - s h a f t e d  t i e b a c k s .  These s o i l s  a r e  normal ly  
c o h e s i v e ,  o r  dense  wel l -graded s i l t y  s a n d s  above t h e  wa te r  t a b l e ,  o r  
cemented sands .  A 1 2  t o  1 8  i n c h  (305 t o  457 mm) d iamete r  c a i s s o n  auger  i s  
used t o  d r i l l  t h e  h o l e .  Upon comple t ion  of  t h e  h o l e ,  t h e  tendon i s  i n s e r t e d  
and t r a n s i t - m i x  g r o u t  i s  pumped through a  g r o u t  p i p e  i n s t a l l e d  w i t h  t h e  
tendon. The g r o u t  i s  n o t  p r e s s u r i z e d .  Large d iamete r  s t r a i g h t - s h a f t e d  
t i e b a c k s  a r e  v e r y  common i n  t h e  w e s t e r n  United S t a t e s .  

Small d i a m e t e r  c o n t i n u o u s  a u g e r s  a l s o  have been used t o  d r i l l  t i e b a c k s .  
These t i e b a c k s  a r e  i n s t a l l e d  i n  s o i l s  s i m i l a r  t o  t h o s e  where l a r g e  d i a m e t e r  
c a i s s o n  a u g e r s  a r e  u s e d .  These h o l e s  normal ly  a r e  8  i n c h e s  (203 mm) i n  
d iamete r  o r  l e s s .  A f t e r  t h e  h o l e  i s  completed,  t h e  a u g e r s  a r e  removed and 
t h e  h o l e  i s  t r e m i e  g r o u t e d  w i t h  n e a t  cement g r o u t .  Then t h e  tendon i s  
i n s e r t e d .  I f  t r e m i e  g r o u t i n g  i s  n o t  done,  t h e  tendon and a  g r o u t  t u b e  a r e  
s i m u l t a n e o u s l y  i n s e r t e d  i n  t h e  h o l e .  Low-pressure-grouted,  smal l -d iamete r ,  
augered  t i e b a c k s  do n o t  deve lop  h i g h  c a p a c i t i e s .  

Cohesive s o i l s  a r e  r o t a r y  d r i l l e d  w i t h o u t  c a s i n g  u s i n g  d r a g  b i t s  and 
wa te r  o r  a i r  f l u s h i n g .  T h i s  t y p e  of  d r i l l i n g  i s  l i m i t e d  t o  s o i l s  which w i l l  
n o t  cave d u r i n g  d r i l l i n g .  "Heavy" d r i l l i n g  f l u i d s  such a s  b e n t o n i t e  and 
cement s l u r r i e s  may be used t o  m a i n t a i n  t h e  d r i l l  h o l e  i f  t h e  s o i l  t e n d s  t o  
cave.  B e n t o n i t e  shou ld  n o t  be used t o  d r i l l  t h e  anchor  l e n g t h  p o r t i o n  of a  
t i e b a c k .  A f t e r  t h e  h o l e  i s  completed,  g r o u t  i s  t remied i n t o  t h e  h o l e  and 
t h e  tendon i s  i n s e r t e d .  These t i e b a c k s  do n o t  u s u a l l y  deve lop  c a p a c i t i e s  
g r e a t e r  t h a n  8 0  k i p s  (356 kN). 

Do P r e s s u r e - I n j e c t e d  Tiebacks  

P r e s s u r e - i n j e c t e d  t i e b a c k s  a r e  i n s t a l l e d  i n  sandy and g r a v e l l y  s o i l s  
u s i n g  a  d r i v e n  o r  d r i l l e d  c a s i n g .  F igure  82 shows a  d r i v e n  
p r e s s u r e - i n j e c t e d  t i e b a c k  i n s t a l l a t i o n  sequence.  A i r  t r a c k s  a r e  used t o  
d r i v e  3.0 o r  3.5 i n c h  ( 7 6  o r  89 mm) c a s i n g  w i t h  a  s o l i d  c l o s u r e  p o i n t .  No 
s o i l  i s  removed d u r i n g  t h e  i n s t a l l a t i o n .  Driven p r e s s u r e - i n j e c t e d  t i e b a c k s  
can  be i n s t a l l e d  i n  s a n d s  below t h e  groundwater t a b l e  wi thou t  l o s s  of 
ground. Rotary  d r i l l s  a r e  used t o  i n s t a l l  c a s i n g  w i t h  a n  expendable  d r a g  
b i t .  D r i l l i n g  i s  normal ly  r e q u i r e d  t o  i n s t a l l  c a s i n g s  l a r g e r  than  3.5 
i n c h e s  (89 mm). Once t h e  c a s i n g  i s  i n s t a l l e d ,  t h e  tendon i s  i n s e r t e d  i n  t h e  
c a s i n g .  The c a s i n g  i s  t h e n  e x t r a c t e d  a  s h o r t  d i s t a n c e  u s i n g  c e n t e r - h o l e  
h y d r a u l i c  j a c k s .  The c l o s u r e  p o i n t  o r  d r a g  b i t  i s  d r i v e n  f r e e  and g r o u t  i s  
pumped down t h e  c a s i n g  under  p r e s s u r e  w h i l e  t h e  c a s i n g  i s  e x t r a c t e d .  The 
g r o u t  p r e s s u r e  i s  main ta ined  above 150  p s i  (1035 kPa) u n t i l  t h e  anchor  
l e n g t h  i s  g r o u t e d .  P r e s s u r e - i n j e c t e d  t i e b a c k s  a r e  common i n  Europe and t h e  
United S t a t e s .  

E. P o s t e r o u t e d  Tiebacks  

P o s t g r o u t e d  t i e b a c k s  a r e  used p r i m a r i l y  i n  c o h e s i v e  s o i l s .  P o s t g r o u t i n g  
i s  used t o  e n l a r g e  t h e  anchor  g r o u t  by de layed  m u l t i p l e  g r o u t  i n j e c t i o n s .  
Each i n j e c t i o n  i s  s e p a r a t e d  by abou t  one day.  These t e c h n i q u e s  a t t e m p t  t o  
f r a c t u r e  t h e  g r o u t  a l r e a d y  i n  p l a c e  and wedge i t  outward i n t o  t h e  s o i l .  
These t i e b a c k s  c a n  be i . n s t a l l e d  i n  cased o r  uncased d r i l l  h o l e s  made by 
r o t a r y  o r  a u g e r  d r i l l i n g .  A s p e c i a l  g r o u t  t u b e  w i t h  v a l v e s  l o c a t e d  a l o n g  
t h e  anchor  l e n g t h  ( t u b e  2 manche t t e )  e n a b l e s  p o s t g r o u t i n g  t o  be performed.  

The g r o u t  t u b e  i s  des igned  s o  a  double  packer  can  be used i n s i d e  t h e  t u b e  t o  
s e l e c t i v e l y  g r o u t  e a c h  v a l u e .  



a )  D r i v e  c a s i n g .  

u 

b) I n s e r t  tendon and d i s e n g a g e  p o i n t .  

c )  High p r e s s u r e  g r o u t  t h e  anchor  l e n g t h  and low p r e s s u r e  
g r o u t  t h e  unbonded l e n g t h  w h i l e  e x t r a c t i n g  t h e  c a s i n g .  

F i g u r e  82.  S t e p s  f o r  p r e s s u r e - i n j e c t e d  t i e b a c k  i n s t a l l a t i o n .  



There  a r e  two e f f e c t i v e  methods  o f  making p o s t g r o u t e d  t i e b a c k s .  One 
t y p e  u s e s  a  1 i n c h  (25 .4  mm) g r o u t  t u b e  w i t h  v a l v e s  l o c a t e d  e v e r y  f o o t  
(0 .305  m) a l o n g  t h e  t u b e .  The v a l v e s  a r e  c o n s t r u c t e d  by a p p l y i n g  a t i g h t  
f i t t i n g  r u b b e r  s l e e v e  o v e r  h o l e s  d r i l l e d  i n  t h e  t u b e .  F i g u r e  83 shows t h e  1 
i n c h  (25 .4  mm) t u b e  3 m a n c h e t t e  t i e b a c k  u s i n g  a  s t r a n d  t e n d o n  and  F i g u r e  84 
shows t h e  p a c k e r  a n d  a  g r o u t  v a l v e .  The o t h e r  t y p e  o f  t u b e  3 m a n c h e t t e  
t i e b a c k  i s  c a l l e d  a  TMD t i e b a c k .  The TMD t i e b a c k  was d e v e l o p e d  by S I F  
Bachy,  s e e  F i g u r e  47.  I n  t h i s  s y s t e m  a  deformed m e t a l  t u b e ,  2 .0  t o  3 .0  
i n c h e s  ( 5 1  t o  76 mm) i n  d i a m e t e r  i s  g r o u t e d  i n t o  t h e  g round .  Grout  v a l v e s  
a r e  l o c a t e d  e v e r y  3 .28  f e e t  (1 .0  m )  a l o n g  t h e  a n c h o r  l e n g t h .  An i n f l a t a b l e  
d o u b l e  p a c k e r  i s  u s e d  i n s i d e  t h e  deformed t u b e  t o  g r o u t  e a c h  i n d i v i d u a l  
v a l v e .  A f t e r  t h e  m e t a l  t u b e  i s  g r o u t e d  i n t o  t h e  g round ,  t h e  t e n d o n  i s  
g r o u t e d  i n s i d e  t h e  t u b e .  F i g u r e  85  shows t h e  i n s t a l l a t i o n  sequence  f o r  a  
TMD t i e b a c k .  

Both t u b e  3 m a n c h e t t e  s y s t e m s  a r e  g r o u t e d  i n  a  s i m i l a r  manner .  F i r s t  
t h e  t u b e  2 m a n c h e t t e  i s  p l a c e d  i n s i d e  a  t r e m i e - g r o u t e d  d r i l l  h o l e .  The bag 
i s  i n f l a t e d  t o  s e a l  t h e  h o l e  o r  t h e  g r o u t  i s  a l l o w e d  t o  c u r e  f o r  
a p p r o x i m a t e l y  twen ty - fou r  h o u r s .  Then t h e  p a c k e r  i s  p o s i t i o n e d  i n  t h e  t u b e  
o p p o s i t e  t h e  bo t tom g r o u t i n g  v a l v e .  Grout  i s  pumped t h r o u g h  t h e  v a l v e  
f r a c t u r i n g  t h e  o r i g i n a l  a n c h o r  g r o u t .  Upon pumping a  p r e d e t e r m i n e d  volume 
of  g r o u t  o r  r e a c h i n g  a  l i m i t  p r e s s u r e  f o r  t h e  s o i l ,  g r o u t i n g  i s  
d i s c o n t i n u e d .  Then t h e  p a c k e r  i s  moved t o  t h e  n e x t  g r o u t  v a l v e ,  and  i t  i s  
g r o u t e d  i n  a  s i m i l a r  manner.  A f t e r  a l l  o f  t h e  v a l v e s  a r e  g r o u t e d ,  t h e  g r o u t  
i s  a l l o w e d  t o  c u r e  f o r  a n  a d d i t i o n a l  twen ty - fou r  h o u r s .  A s econd  phase  o f  
g r o u t i n g  i s  pe r fo rmed  i f  t h e  g r o u t  p r e s s u r e  o r  volume i n d i c a t e s  r e p e a t e d  
g r o u t i n g  w i l l  improve  t h e  l o a d  c a r r y i n g  c a p a c i t y  o f  t h e  t i e b a c k .  As  many a s  
t h r e e  o r  f o u r  g r o u t i n g  p h a s e s  a r e  economica l  i n  c o h e s i v e  s o i l s .  F i g u r e  86  
chows a n  u n e a r t h e d  TMD and t u b e  2 m a n c h e t t e  t i e b a c k .  

a )  TMD t i e b a c k  ( c o u r t e s y  S I F  Bachy) .  b )  One i n c h  t u b e  5 m a n c h e t t e  
t i e b a c k  ( c o u r t e s y  Karl Baue r )  

F i g u r e  86.  Unear thed  t u b e  2 m a n c h e t t e  t i e b a c k s .  

O the r  p o s t g r o u t i n g  s y s t e m s  a r e  u s e d ,  b u t  t h e y  a r e  n o t  a b l e  t o  a c h i e v e  
t h e  h i g h  p e r c e n t a g e  i n c r e a s e s  i n  c a p a c i t y  t h a t  a r e  o b t a i n a b l e  w i t h  t u b e  a  
m a n c h e t t e  me thods .  These  s y s t e m s  a r e  n o t  a b l e  t o  i s o l a t e  e a c h  i n d i v i d u a l  

v a l v e ,  and  some o n l y  a l l o w  one  r e g r o u t i n g .  





f o r c e s  g r o u t  
v a l v e ,  f r a c t u r i n g  

Packer  

F i g u r e  8 4 .  Tube 2 manche t t e  p a c k e r .  





CHAPTER 9 - CREEP AND LOAD TRANSFER MECHANISMS 

Tiebacks  d e v e l o p  h o l d i n g  c a p a c i t y  by many d i f f e r e n t  load  t r a n s f e r  
mechanisms. Unders tanding how t h e y  t r a n s m i t  f o r c e  t o  t h e  s o i l  o r  rock  i s  
h e l p f u l  i n  p r e d i c t i n g  c a p a c i t y ,  deve lop ing  a  t e s t  p rocedure ,  i n t e r p r e t i n g  
t e s t  r e s u l t s ,  and deve lop ing  a n  a c c e p t a n c e  c r i t e r i a .  S i n c e  a l l  s o i l s  
e x p e r i e n c e  t ime-dependent d e f o r m a t i o n s  ( c r e e p )  and s t r e s s  v a r i a t i o n s  
( r e l a x a t i o n ) ,  i t  i s  a l s o  h e l p f u l  t o  unders tand  what c a u s e s  a  t i e b a c k  anchor  
t o  l o s e  h o l d i n g  c a p a c i t y  and move through t h e  s o i l .  

Permanent t i e b a c k s  i n s t a l l e d  i n  dense  sandy o r  g r a v e l l y  s o i l s  o r  rock  
have n o t  e x p e r i e n c e d  s i g n i f i c a n t  l o s s  of load  h o l d i n g  c a p a c i t y  o r  movement 
w i t h  t ime .  A v a r i e t y  of  t e s t i n g  p rocedures  h a s  been used t o  e v a l u a t e  t h e  
long-term c a p a c i t y  of  t h e s e  t i e b a c k s .  S u i t a b l e  long-term performance h a s  
been o b t a i n e d  i f  t h e  t i e b a c k s  were over loaded  t o  1.20 t i m e s  t h e  d e s i g n  load  
o r  h i g h e r .  

A s imple  o v e r l o a d  d u r i n g  t e s t i n g  h a s  n o t  been s u f f i c i e n t  t o  e v a l u a t e  t h e  
long-term l o a d  h o l d i n g  c a p a c i t y  of  t i e b a c k s  anchored i n  c o h e s i v e  s o i l s .  
Some o f  t h e s e  t i e b a c k s  have,  on o c c a s i o n ,  con t inued  t o  l o s e  l o a d  o r  move 
th rough  t h e  s o i l  a s  a  r e s u l t  o f  c r e e p  o r  r e l a x a t i o n .  The slow movement o f  
t h e  t i e b a c k  anchor  th rough  t h e  s o i l  under c o n s t a n t  load  i s  c a l l e d  anchor  
c r e e p  o r  c r e e p  movement. The tendency f o r  a n  anchor  t o  c r e e p  i s  measured 
d u r i n g  a  t i e b a c k  t e s t .  Loss o f  l o a d  a f t e r  t h e  t i e b a c k  i s  locked-off  i s  a  
r e s u l t  of c r e e p  and r e l a x a t i o n .  

CREEP AND RELAXATION THEORY 

The c r e e p  and r e l a x a t i o n  behav io r  of  s o i l s  v a r y .  I n  g e n e r a l ,  t h e  
g r e a t e r  t h e  o r g a n i c  c o n t e n t  o r  t h e  more p l a s t i c  t h e  c l a y ,  t h e  more 
pronounced t h e  c r e e p  o r  r e l a x a t i o n .  The t y p e  and amount of c l a y  a r e  
impor tan t  i n  e s t a b l i s h i n g  t h e  p o t e n t i a l  f o r  r e l a x a t i o n  o r  c r e e p .  The 
p l a s t i c i t y  i n d e x  r e f l e c t s  bo th  t h e  t y p e  and amount of c l a y .  It c a n  be used 
t o  g i v e  a n  i n d i c a t i o n  whether  o r  n o t  a  s o i l  would be s u s c e p t i b l e  t o  l a r g e  
t ime-dependent  d e f o r m a t i o n s  o r  s t r e s s  v a r i a t i o n s .  

Creep d e f o r m a t i o n s  a r e  t ime-dependent s h e a r  s t r a i n s  c o n t r o l l e d  by t h e  
r e s i s t a n c e  o f  t h e  s o i l  s t r u c t u r e .  R e l a x a t i o n  i s  t h e  t ime-dependent s t r e s s  
d e c r e a s e  a t  c o n s t a n t  s t r a i n  which i s  a l s o  c o n t r o l l e d  by t h e  r e s i s t a n c e  of  
t h e  s o i l  s t r u c t u r e .  When a  s t r e s s  i s  a p p l i e d  t o  a  s o i l  sample i n  t h e  
l a b o r a t o r y  i t  w i l l  respond i n  one o f  two ways. In  most c a s e s ,  i t  w i l l  
s t r a i n  a t  a  d e c r e a s i n g  r a t e  u n t i l  c r e e p  s t o p s .  However, some s o i l s  w i l l  
c o n t i n u e  t o  s t r a i n  u n t i l  c r e e p  r u p t u r e  o c c u r s .  Bishop [ 1 0 3 ] ,  Murayama and 
S h i b a t a  [104] ,  Singh and M i t c h e l l  [ 1 0 5 ] ,  and Edger,  e t  a 1  [ 1 0 6 ] ,  have 
observed t h a t  t h e r e  i s  a  r e l a t i o n s h i p  between s t r a i n  r a t e  and t ime  f o r  most 
s o i l s .  I n  g e n e r a l ,  t h e y  found t h a t  t h e  l o g  of  s t r a i n  r a t e  d e c r e a s e s  
l i n e a r l y  w i t h  t h e  l o g  of  t ime  r e g a r d l e s s  of  s t r e s s  l e v e l ,  s o i l  t y p e ,  
d r a i n a g e  c o n d i t i o n s ,  and s t r e s s  h i s t o r y .  F i g u r e  87 shows t h e  r e l a t i o n s h i p  
between s t r a i n  r a t e  and t ime  f o r  Osaka a l l u v i a l  c l a y .  



Time (minutes  ) 

Figure  8 7 .  S t r a i n  r a t e  v s .  t ime r e l a t i o n s h i p  d u r i n g  undra ined  c r e e p  
of  Osaka a l l u v i a l  c l a y  (Murayama and S h i b a t a  [ l o 4 1  ) . 

Singh and M i t c h e l l  [ lo51  developed a  t h r e e  parameter  r e l a t i o n s h i p  t h a t  
d e s c r i b e s  t h e  c r e e p  r a t e  behavior  shown on F igure  8 7 .  Equa t ion  (21)  
e x p r e s s e s  t h i s  r e l a t i o n s h i p :  

where: i = s t r a i n  r a t e  a t  any t ime,  t 
A ,  a ,  m = a r e  c r e e p  pa ramete r s  
D = c r e e p  s t r e s s  
t 1 = r e f e r e n c e  t ime ( t  = 1 minute)  
t = t ime a f t e r  a p p l i c a t i o n  of c r e e p  s t r e s s  

?tJo l a b o r a t o r y  c r e e p  t e s t s  a r e  needed t o  de te rmine  t h e  c r e e p  pa ramete r s  
( A , a ,  and m) f o r  a  p a r t i c u l a r  s o i l .  These t e s t s  a r e  performed on i d e n t i c a l  
specimens u s i n g  two d i f f e r e n t  s t r e s s  l e v e l s .  A p l o t  of  l o g  s t r a i n  r a t e  
v e r s u s  l o g  t ime  ( F i g u r e  8 8 ) ,  and a  p l o t  of  l o g  s t r a i n  r a t e  v e r s u s  c r e e p  
s t r e s s  f o r  d i f f e r e n t  v a l u e s  of  t ime  ( F i g u r e  89)  a r e  made. The v a l u e  "m" i s  
t h e  a b s o l u t e  v a l u e  of  t h e  s l o p e  of t h e  l i n e a r  p o r t i o n  of  t h e  p l o t s  of  l o g  
s t r a i n  r a t e  v e r s u s  l o g  t ime.  The v a l u e  "A" i s  t h e  i n t e r c e p t  a t  u n i t  t ime  
( t l )  and t h e  v a l u e  "a" i s  t h e  s l o p e  of  t h e  l i n e a r  p o r t i o n  of  t h e  l o g  of 
s t r a i n  v e r s u s  s t r e s s  p l o t  f o r  any t ime  inc rement .  



Figure 88. S t r a i n  r a t e  vs .  time r e l a t i o n s h i p .  

E 

Deviator s t r e s s  

Figure 89. S t r a i n  r a t e  vs .  dev ia to r  s t r e s s .  



Equat ion ( 2 1 )  i s  i n t e g r a t e d  t o  e s t a b l i s h  a  g e n e r a l  r e l a t i o n s h i p  between 
s t r a i n  ( E )  and t i m e  ( t ) .  Two s o l u t i o n s  a r e  o b t a i n e d  depending on t h e  v a l u e s  
of "m". I f  & = E l ,  a t  t = 1 and t i  = 1, then :  

A e E =  E l + -  
ao t - 1 f o r  rn + 1 

1-m 

and 

aD 
E = + Ae l o g e  t f o r  m = 1, t = 1 (23)  

These two r e l a t i o n s h i p s  d e f i n e  t h e  c u r v e s  shown i n  F i g u r e  90 and Singh 
and M i t c h e l l  [ lo51  observed t h a t  c r e e p  c u r v e s  f o r  s o i l s  were s i m i l a r  t o  t h e  
c u r v e s  d e f i n e d  by Equa t ion  (22)  and ( 2 3 ) .  They a l s o  showed t h a t  a c t u a l  s o i l  
c r e e p  d a t a  would f i t  t h e s e  e q u a t i o n s .  

Log t ime  

F igure  90. Creep c u r v e s  p r e d i c t e d  by t h e  g e n e r a l  s t r e s s - s t r a i n - t i m e  
f u n c t i o n ,  Equa t ions  (22)  and ( 2 3 ) .  

Singh and M i t c h e l l  [107]  a l s o  r e p o r t e d  t h e  parameter  "m" a p p e a r s  t o  be a  
p r o p e r t y  of  t h e  m a t e r i a l .  They found t h a t :  

1) S o i l s  w i t h  "m" l e s s  t h a n  1 . 0  had a  h i g h  p o t e n t i a l  f o r  s t r e n g t h  l o s s  
d u r i n g  c r e e p ,  and c r e e p  r u p t u r e .  

2 )  The s t r a i n  a t  f a i l u r e  i s  a  c o n s t a n t  f o r  a  g i v e n  s o i l  and i t  i s  
independen t  of  s t r e s s  l e v e l .  

However, subsequent  s t u d i e s  have shown t h a t  "m" may v a r y  w i t h  s t r e s s  
h i s t o r y ,  o v e r c o n s o l i d a t i o n  r a t i o ,  and l o a d i n g  c o n d i t i o n s .  The parameter  "m" 
does  remain a  c o n s t a n t  f o r  t h e  same l o a d i n g  c o n d i t i o n s .  

Equa t ions  ( 2 2 )  and ( 2 3 )  have been used t o  d e s c r i b e  t h e  t ime-dependent 
s t r a i n  of  s o i l s  i n  a  v a r i e t y  of  a p p l i c a t i o n s ,  and t h e y  a p p e a r  t o  d e s c r i b e  



t h e  t ime-dependent movement of a  t i e b a c k  under  c o n s t a n t  l o a d .  They a r e  
c u r r e n t l y  be ing  e v a l u a t e d  i n  t i e b a c k  r e s e a r c h  i n  Germany, F rance ,  and t h e  
United S t a t e s .  

The c r e e p  r e s e a r c h  performed h a s  i d e n t i f i e d  s o f t  c l a y s  loaded  under  
undra ined  c o n d i t i o n s ,  and h e a v i l y  o v e r c o n s o l i d a t e d  c l a y s  loaded  under  
d r a i n e d  c o n d i t i o n s  a s  be ing  s u s c e p t i b l e  t o  c r e e p  r u p t u r e  a t  s t r e s s e s  a s  low 
a s  35 p e r c e n t  o f  t h e i r  normal s t r e n g t h .  Pore p r e s s u r e s  i n c r e a s e  when s o f t  
c l a y s  a r e  s h e a r e d  under  undra ined  c o n d i t i o n s ,  and t h e  d e c r e a s e  i n  e f f e c t i v e  
s t r e s s  c a u s e s  a  r e d u c t i o n  i n  s t r e n g t h .  Negat ive  pore  w a t e r  p r e s s u r e s  
deve lop  when h e a v i l y  o v e r c o n s o l i d a t e d  c l a y s  a r e  shea red  under  d r a i n e d  
c o n d i t i o n s .  The n e g a t i v e  pore  w a t e r  p r e s s u r e s  c a u s e  w a t e r  t o  be sucked i n t o  
t h e  s o i l  m a t r i x .  The i n c r e a s e d  w a t e r  c o n t e n t  c a u s e s  a  l o s s  o f  s t r e n g t h  w i t h  
t ime  . 

The c o n s i s t e n c y  i n d e x  ( I c )  (See e q u a t i o n  [ 9 ] ,  page 1 0 3 )  i s  used i n  
Germany t o  i d e n t i f y  c o h e s i v e  s o i l s  where a  t i e b a c k  would n o t  be c r e e p  
s u s c e p t i b l e .  They r e q u i r e  t h e  c o n s i s t e n c y  i n d e x  t o  be g r e a t e r  t h a n  0.9. 
The w r i t e r ' s  e x p e r i e n c e  w i t h  s t r a i g h t - s h a f t e d  t i e b a c k s  i n d i c a t e s  t h a t  
permanent t i e b a c k s  shou ld  n o t  be i n s t a l l e d  i n  s o i l s  w i t h  a  c o n s i s t e n c y  i n d e x  
l e s s  t h a n  0.8. The w r i t e r  h a s  a l s o  observed t h a t  s t r a i g h t - s h a f t e d  t i e b a c k s  
a r e  o f t e n  s u s c e p t i b l e  t o  e x c e s s i v e  c r e e p  movements, i f  t h e  unconf ined  
compress ive  s t r e n g t h  i s  l e s s  t h a n  1 .0  t o n / f t 2  (96 kPa) ,  and t h e  remolded 
s t r e n g t h  i s  l e s s  t h a n  0.5 t o n s / f t 2  (48  k P a ) .  Tiebacks  i n s t a l l e d  i n  s o i l s  
t h a t  exceed t h e s e  s t r e n g t h s ,  and have a  w a t e r  c o n t e n t  n e a r  t h e  p l a s t i c  l i m i t  
a r e  n o t  u s u a l l y  c r e e p  s u s c e p t i b l e .  The French Pecommendations [ 5 3 ]  r e q u i r e  
c a r e f u l  t e s t i n g  o f  t i e b a c k s  i n s t a l l e d  i n  s o i l s  w i t h  a  p l a s t i c i t y  i n d e x  
g r e a t e r  t h a n  o r  e q u a l  t o  20. 

SKIN FRICTION OR SHEAR STRESS ALONG A SHAFT TIEBACK 

The d r i l l i n g  t e c h n i q u e  and t h e  method used t o  c l e a n  t h e  d r i l l  h o l e  do  
a f f e c t  t h e  s k i n  f r i c t i o n  a l o n g  a n  anchor .  Sk in  f r i c t i o n  a l o n g  a  t i e b a c k  
anchor  i s  a  f u n c t i o n  o f  s t r a i n .  F igure  91 shows two p o s s i b l e  s k i n  
f r i c t i o n - s t r a i n  c u r v e s  f o r  a  t i e b a c k .  Curve A r e p r e s e n t s  a  s o i l  o r  r o c k  
where v e r y  l i t t l e  s t r a i n  i s  r e q u i r e d  t o  m o b i l i z e  most of  t h e  s k i n  f r i c t i o n  
and where s k i n  f r i c t i o n  c o n t i n u e s  t o  i n c r e a s e  o r  remain s t a b l e  w i t h  
i n c r e a s i n g  s t r a i n .  Curve B r e p r e s e n t s  a  weaker s o i l  o r  r o c k  which r e q u i r e s  
more s t r a i n  t o  r e a c h  i t s  maximum s k i n  f r i c t i o n ,  and t h e  s k i n  f r i c t i o n  i s  
reduced t o  a  r e s i d u a l  v a l u e  w i t h  i n c r e a s i n g  s t r a i n .  

ROCK TIEBACK LOAD DISTRIBUTION 

Load d i s t r i b u t i o n  a l o n g  t h e  anchor  l e n g t h  of t i e b a c k s  i n s t a l l e d  i n  sound 
r o c k  have n o t  been i n t e n s i v e l y  i n v e s t i g a t e d .  Coates  and Yu [ 1 0 8 ] ,  have used 
a  f i n i t e  e lement  a n a l y s i s  t o  s t u d y  t h e  s t r e s s  d i s t r i b u t i o n  a l o n g  
s t r a i g h t - s h a f t e d  t i e b a c k s  i n  t h r e e  d imens iona l  space .  F igure  92 shows t h e  
d i s t r i b u t i o n  of  s k i n  f r i c t i o n  a l o n g  a n  anchor  w i t h  d e p t h  f o r  e l a s t i c  
m a t e r i a l s  w i t h  d i f f e r i n g  Young's moduli .  T h e i r  a n a l y s i s  i n d i c a t e d  t h a t  t h e  
s k i n  f r i c t i o n  w i l l  be c o n c e n t r a t e d  n e a r  t h e  f r o n t  of  t h e  anchor  f o r  r o c k s  
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F igure  91. Typ ica l  s t r e s s - s t r a i n  behav io r  of a t i e b a c k  anchor .  

p = Loading p r e s s u r e  
r = Radius 
Z = Depth 
T = S k i n  f r i c t i o n  
Ea = Modulus of e l a s t i c i t y  

of t h e  anchor 
Er = Modulus of e l a s t i c i t y  

of t h e  rock  

F igure  92. Normalized s k i n  f r i c t i o n  d i s t r i b u t i o n  a s  
a f u n c t i o n  of  normal ized l e n g t h  [108] .  



w i t h  a  modulus e q u a l  t o  o r  h i g h e r  t h a n  t h e  modulus of  t h e  anchor .  However, 
f o r  r o c k s  w i t h  Ea/Er 1 1 0 ,  t h e  s k i n  f r i c t i o n  d i s t r i b u t i o n  was shown t o  
be  n e a r l y  uniform.  The modulus of  t h e  anchor  w i l l  be e q u a l  t o  t h e  Young's 
modulus f o r  t h e  t endon  i f  t h e  g r o u t  c r a c k s .  Cracking i s  l i k e l y  t o  occur  i n  
most t i e b a c k s  and Ea w i l l  t h e n  become 29 x 106 p s i  (20 x l o 7  kPa) .  
Based on Coa tes  and Yu work i f  may be assumed t h a t  a  rock  w i t h  a  modulus 
l e s s  t h a n  3  x  106 p s i  (20.7 x 106 kPa) would have a  n e a r  uniform 
d i s t r i b u t i o n  of  s k i n  f r i c t i o n  o v e r  t h e  c racked  s e c t i o n .  The s h e a r  s t r e s s  
would n o t  be u n i f o r m l y  d i s t r i b u t e d  o v e r  t h e  uncracked p o r t i o n  s i n c e  Ea 
would be e q u a l  t o  3 x  106 p s i  (2 x 104 kPa) . 

Rock t i e b a c k s  have no t  exper ienced  s i g n i f i c a n t  anchor  c r e e p ,  and rocks  
do n o t  e x h i b i t  c r e e p  behav io r  i n  t h e  l a b o r a t o r y .  S o f t  o r  weathered c l a y  
s h a l e s  may e x h i b i t  c r e e p  behav io r .  A shor t - t e rm t i e b a c k  t e s t  procedure  
shou ld  a d e q u a t e l y  p r e d i c t  t h e  long-term l o a d  c a r r y i n g  a b i l i t y  of  a  rock  
t i e b a c k ,  u n l e s s  i t  i s  i n s t a l l e d  i n  a  s o f t  o r  weathered c l a y  s h a l e .  Tiebacks  
i n s t a l l e d  i n  t h e s e  weak rocks  shou ld  be c r e e p  t e s t e d .  

LOAD DISTRIBUTION AND LOAD TRANSFER MECHANISM I N  NONCOHESIVE SOILS 

A .  Pressure - In  j e c t e d  Tiebacks  

A c t u a l  l o a d  d i s t r i b u t i o n  a l o n g  p r e s s u r e - i n j e c t e d  t i e b a c k s  i n  sandy and 
g r a v e l l y  s o i l s  have been r e p o r t e d  by Ostermayer and Schee le  [ l o g ] ,  and 
S h i e l d s ,  e t  a 1  [110] .  Ostermayer and Schee le  developed F igure  93 which 
shows t h e  d i s t r i b u t i o n  o f  s k i n  f r i c t i o n  a t  t h e  u l t i m a t e  l o a d  f o r  
r o t a r y - d r i l l e d ,  p r e s s u r e - i n j e c t e d ,  t i e b a c k s  w i t h  v a r y i n g  l e n g t h s  i n s t a l l e d  
i n  g r a v e l l y  s a n d s  of d i f f e r e n t  d e n s i t i e s .  The s k i n  f r i c t i o n  was c a l c u l a t e d  
a f t e r  t h e  t i e b a c k s  were unear thed  and t h e  d i a m e t e r  o f  t h e  anchor  was 
measured.  For t h e  dense  and v e r y  dense  s o i l s  t h e  c u r v e s  shown i n  F igure  93 
i n d i c a t e  t h a t  t h e  s k i n  f r i c t i o n  i s  n o t  un i fo rmly  d i s t r i b u t e d  a l o n g  t h e  
anchor  l e n g t h .  The t i e b a c k s  i n s t a l l e d  i n  l o o s e  and medium dense  s o i l  had 
a p p r o x i m a t e l y  a  c o n s t a n t  s k i n  f r i c t i o n  a l o n g  t h e  anchor .  Ostermayer and 
Schee le  [ l o g ]  p o s t u l a t e d  t h a t  t h e  s k i n  f r i c t i o n  on a l l  t h e  t i e b a c k s  would 
have been a p p r o x i m a t e l y  uniform a t  f a i l u r e  i f  t h e  anchor  g r o u t  had n o t  
extended above t h e  a n c h o r  l e n g t h .  D r i l l e d  p r e s s u r e - i n j e c t e d  t i e b a c k s  a r e  
normal ly  c o n s t r u c t e d  w i t h  t h e  g r o u t  remaining a l o n g  t h e  unbonded l e n g t h ,  
w i t h  h i g h e r  g r o u t  p r e s s u r e s ,  and l o n g e r  anchor  l e n g t h s  t h a n  were used i n  
t h e s e  t i e b a c k s .  

S h i e l d s ,  e t  a 1  [ 1 1 0 ] ,  p r e s e n t e d  F i g u r e s  94 and 95 showing t h e  r a t e  of  
l o a d  t r a n s f e r  a l o n g  d r i v e n  p r e s s u r e - i n j e c t e d  t i e b a c k s  i n s t a l l e d  a t  two 
s i t e s .  These c u r v e s  show t h a t  t h e  t i e b a c k  l o a d  i s  t r a n s f e r r e d  nonuniformly 
t o  t h e  s o i l .  The t i e b a c k s  were n o t  t e s t e d  t o  t h e i r  u l t i m a t e  l o a d .  The 
t i e b a c k  shown i n  F igure  94 was i n s t a l l e d  i n  a  dense  f i n e  t o  c o a r s e  g r a v e l l y  
sand ,  and t h e  t i e b a c k  shown i n  F igure  95 was i n s t a l l e d  i n  a  dense  f i n e  t o  
c o a r s e  s i l t y  sand and g r a v e l  w i t h  a  t r a c e  o f  c l a y  and mica.  The l o a d  
t r a n s f e r  r a t e  f o r  t h e  t i e b a c k  shown i n  F i g u r e  94 i s  h i g h e r  t h a n  t h e  one 
shown i n  F i g u r e  95 and t h e  l o a d  was t r a n s f e r r e d  f a r t h e r  down t h e  anchor  
l e n g t h  of  t h e  t i e b a c k  shown i n  F igure  95. The s o i l  s u r r o u n d i n g  t h e  t i e b a c k  
i n  F igure  94 was d e n s e r  and c o n t a i n e d  fewer  f i n e s  t h a n  t h e  s o i l  su r round ing  



diamete r  = 
1 4.96 i n c h e s  

1 2 . 6  cm) 

A 

200 - 

Figure 93 .  Skin f r i c t i o n  d i s t r i b u t i o n  a t  f a i l u r e  a s  a f u n c t i o n  of 
anchor l e n g t h  and d e n s i t y  i n  a g r a v e l l y  sand [ l o g ] .  
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Figure  94 .  Distribution of load transfer during testing of a 
pressure-injected tieback installed in dense, fine 
to coarse, gravelly sand [110]. 
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Figure  95.  Distribution of load transfer during testing of a 
pressure-injected tieback installed in a dense, 
fine to coarse, silty sand and gravel [110]. 



t h e  t i e b a c k  i n  F igure  95. Higher g r o u t  p r e s s u r e s  were used d u r i n g  t h e  
i n s t a l l a t i o n  o f  t h e  t i e b a c k  shown i n  F igure  94. These f a c t o r s  may e x p l a i n  
t h e  d i f f e r e n c e s  i n  t h e  l o a d  t r a n s f e r  r a t e s .  

P r e s s u r e - i n j e c t e d  t i e b a c k s  a r e  used i n  s o i l s  r ang ing  from s i l t y  sands  t o  
sandy g r a v e l s .  A d e s c r i p t i o n  of how t h e y  are i n s t a l l e d  i s  c o n t a i n e d  i n  
Chapter 8 ,  and Chapter 6  c o n t a i n s  t h e  e m p i r i c a l  r e l a t i o n s h i p s  used t o  
e s t i m a t e  t h e i r  u l t i m a t e  c a p a c i t y .  

P r e s s u r e - i n j e c t e d  t i e b a c k s  develop l o a d  t r a n s f e r  r a t e s  i n  e x c e s s  o f  30 
k i p s / f t  (438 kN/m) i n  dense  sands  and g r a v e l s .  These h igh  f r i c t i o n a l  
r e s i s t a n c e s  p robab ly  r e s u l t  from h igh  r a d i a l  s t r e s s e s  locked i n t o  t h e  s o i l  
su r rounding  t h e  anchor  l e n g t h .  These r a d i a l  f o r c e s  a r e  a p p l i e d  t o  t h e  s o i l  
d u r i n g  g r o u t i n g ,  and t h e y  a r e  permanently locked i n t o  t h e  s o i l  when t h e  
g r o u t  becomes a  s e m i s o l i d .  A t  g r o u t  p r e s s u r e s  above 150 p s i  (1035 kPa) 
wa te r  i s  f o r c e d  o u t  o f  t h e  n e a t  cement g r o u t  c a u s i n g  i t  t o  r a p i d l y  
s o l i d i f y .  S tocker  [ 9 5 ]  confirmed t h a t  p r e s s u r e  i n j e c t e d  g r o u t  i s  p a r t i c a l l y  
dehydrated by t h e  h i g h  g r o u t  p r e s s u r e s .  Grout ing p r e s s u r e s  twenty t i m e s  t h e  
e f f e c t i v e  overburden p r e s s u r e  a r e  r o u t i n e l y  used f o r  p r e s s u r e - i n j e c t e d  
t i e b a c k s .  I f  a  p o r t i o n  o f  t h e s e  p r e s s u r e s  a r e  permanently locked i n t o  t h e  
s o i l  su r rounding  t h e  anchor ,  t h e n  t h e s e  h igh  load  t r a n s f e r  r a t e s  can be 
e x p l a i n e d .  

The l o a d  t r a n s f e r  r a t e s  f o r  p r e s s u r e - i n j e c t e d  t i e b a c k s  a r e  n o t  uniform 
a l o n g  t h e  anchor  l e n g t h ,  but by assuming a  uniform r a t e  i t  i s  p o s s i b l e  t o  
e s t i m a t e  t h e  magnitude o f  t h e  normal s t r e s s  a c t i n g  on t h e  i n t e r f a c e  between 
t h e  s o i l  and t h e  g r o u t .  Assuming a  uniform s k i n  f r i c t i o n  d i s t r i b u t i o n ,  t h e  
normal s t r e s s e s  can  be c a l c u l a t e d  by t h e  Equa t ion  (24) .  

= normal s t r e s s  
= u l t i m a t e  t i e b a c k  c a p a c i t y  

D = anchor  d iamete r  
4) = a n g l e  of i n t e r n a l  f r i c t i o n  

l a  = anchor  l e n g t h  

F igure  60 i n d i c a t e s  t h a t  a 15-foot-(4.58 m)-long p r e s s u r e - i n j e c t e d  t i e b a c k  
can deve lop  a n  u l t i m a t e  c a p a c i t y  of 250 k i p s  (1112.5 kN). I f  a  35O a n g l e  
of i n t e r n a l  f r i c t i o n  i s  assumed and s u b s t i t u t i n g  P = 250 k i p s  (1112.5 kN), 
D = 4.6 i n c h e s  (11.7 cm) and 1, = 180  i n c h e s  (457 cm) i n t o  Equat ion (24)  a  
normal s t r e s s  o f  137 p s i  (945 kPa) i s  c a l c u l a t e d .  The load  t r a n s f e r  
mechanism f o r  p r e s s u r e - i n j e c t e d  t i e b a c k s  i s  n o t  a s  s imple  a s  t h a t  d e s c r i b e d  
by Equat ion ( 2 4 ) ,  bu t  t h i s  r e l a t i o n s h i p  does  show t h a t  h i g h  normal s t r e s s e s  
a r e  n e c e s s a r y  t o  deve lop  t h e  t i e b a c k  c a p a c i t i e s  o b t a i n e d  i n  t h e  f i e l d .  

Most o f  t h e  permanent s o i l  t i e b a c k s  have been made u s i n g  p r e s s u r e  
i n j e c t e d  t e c h n i q u e s  i n  sandy and g r a v e l l y  s o i l s .  These t i e b a c k s  have 
performed w e l l  and t h e y  have no t  been s u s c e p t i b l e  t o  c r e e p .  A shor t - t e rm 
t i e b a c k  t e s t  shou ld  be a b l e  t o  p r e d i c t  t h e  long-term performance of a  
p r e s s u r e - i n j e c t e d  t i e b a c k  i n s t a l l e d  i n  a  sandy o r  g r a v e l l y  s o i l .  



B. Low-Pressure-Grouted T iebacks  

Low-pressure-grouted  t i e b a c k s  a r e  used  i n  s o i l s  r a n g i n g  from s i l t y  s a n d s  
t o  s andy  g r a v e l s .  They a r e  i n s t a l l e d  by e i t h e r  hollow-stem a u g e r s  o r  r o t a r y  
d r i l l s .  D e s c r i p t i o n s  o f  t h e i r  i n s t a l l a t i o n  methods a r e  c o n t a i n e d  i n  Chap te r  
8,  and  C h a p t e r  6  c o n t a i n s  i n f o r m a t i o n  o n  t h e  e s t i m a t i o n  o t  t f ' e i r  c a p a c i t i e s .  

The g r o u t i n g  p r e s s u r e s  u s e d  f o r  makirlg t h e s e  t i e b a c k s  a r e  n o t  q u f f i c i e n t  
t o  l o c k  i n  l a r g e  normal  s t r e s s e s ,  and t h e  s o i l  a round t h e  a n c h o r  l e n g t h  Ls 
l i k e l y  t o  be l o o s e n e d  a s  a  r e s u l t  o f  t h e  d r i l l i n g  o p e r a t i o n .  T h e i r  u l t i m a t e  
c a p a c i t y  i s  p r o b a b l y  a f u n c t i o n  o f  t h e  geometry  of  t h e  a n c h o r  g r o u t ,  and tile 
a n g l e  o f  i n t e r n a l  f r i c t i o n  o f  t h e  s o i l .  E x p e r i e n c e  h a s  shown t h a t  t h e i r  
c a p a c i t i e s  a r e  a f f e c t e d  by t h e  q u a n t i t y  o f  g r o u t  pumped i n t o  t h e  dncllor 
zone.  Assuming a un i fo rm s k i n  f r i c t i o n  d i s t r i b u t i o n ,  t h e  u l t i m a t e  c a p a c i t v  
o f  a low-pres su re  g r o u t e d  t i e b a c k  i n s t a l l e d  dbove t h e  g roundwate r  t < ~ b l e  
might  be e s t i m a t e d  by E q u a t i o n  25. 

P = r D l a  y h t a n  $ ( 2  5 )  
m 

where: P = u l t i m a t e  t i e b a c k  c a p a c i t y  
D = anchor  d i a m e t e r  
1 = a n c h o r  l e n g t h  
Y a = d r y  u n i t  we igh t  of t h e  s o i l  

= d e p t h  of  o v e r b u r d e n  t o  t h e  mid -po in t  cf t h e  a n ~ l i o r  
= a n g l e  of  i n t e r n a l  f r i c t i o n  

The PTI [ 7 6 ]  i n d i c a t e s  t h a t  a working  s k i n  f r i c t i o n  o f  1 0  t o  2 2  p s i  
(69  t o  1 3 8  kN/m2) may be assumed f o r  a n  a v e r a g e  o v e r b u r d e n  d e p t h  o f  20 f e e t  
( 6 . 1  m). I f  a  30° a n g l e  o f  i n t e r n a l  f r i c t i o n  i s  assumed and s u b s t i ; r l t i n g  
D = 0.75 f e e t  (0 .23  m), 1, = 1 f o o t  (0.305 m ) ,  I = 120 pcf  
(1 ,922  k ~ / m ~ ) ,  and  h  = 20 f e e t  (6 .1  m) E q u a t i o n  ( 2 5 )  g i v e s  a n  u l t i m a t e  
s k i n  f r i c t i o n  o f  22 .7  p s i  (157 k P a ) .  T h i s  u l t i m a t e  s k i n  f r i c t i o n  i s  i n  good 
ag reemen t  w i t h  t h e  working  s k i n  f r i c t i o n  r e p o r t e d  by t h e  PTT, 2nd i t  
i n d i c a t e s  t h a t  l o c k e d - i n  s t r e s s e s  p r o b a b l y  do n o t  s i g n i f i c a n t l y  a f f c > c t  t h e  
l o a d  t r a n s f e r  mechanism. 

Low-pressure-grouted  t i e b a c k s  i n  s andy  and g r a v e l l y  s o i l s  \ lave per formed 
w e l l  i n  t empora ry  and  permanent  a p p l i c a t i o n s .  They have n o t  e x h i b i t e d  a 
t e n d e n c y  t o  c r e e p  and a  s h o r t - t e r m  t i e b a c k  t e s t  shou ld  he a b l e  t o  p r e d i c t  
t h e i r  l o n g -  term per fo rmance .  

C .  P o s t g r o u t e d  T i e b a c k s  

P o s t g r o u t e d  t i e b a c k s  have been i n s t a l l e d  i n  s andy  and g r a v e l l y  s o i l s  
u s i n g  r o t a r y  d r i l l i n g  t e c h n i q u e s .  P o s t g r o u t i n g  i s  d e s c r i b e d  i n  Chap te r  8 .  
High g r o u t  p r e s s u r e s ,  similar t o  t h o s e  used  f o r  p r e s s u r e - i n j e c t e d  t ~ e b a c k s ,  
a r e  u s e d  d u r i n g  p o s t g r o u t i n g ,  and t h e  l o a d  t r a n s f e r  mechanism f o r  a 
p o s t g r o u t e d  t i e b a c k  i s  l i k e l y  t o  be s i m i l a r  t o  t h a t  o f  a  p r e s s u r e  i n j e c t e d  
one .  

P o s t g r o u t e d  t i e b a c k s  have  been  used  f o r  permanent  a p p l i c a t i o n s  and t h e i r  
long- term pe r fo rmance  may be p r e d i c t e d  by a  s h o r t - t e r m  t i e b a c k  t e s t .  



* t  * ' a .  ! h + rlrc! ;I I:] <ind Tanaka [ I 1 3 1  a r e  h e l p f u l  i n  
1 :  t 1 t i t L  o r .  Beard i n v e s t i g a t e d  t h e  

, L ,- . ) I -  < , i t [  I,( :. . i n  c n  l e s i v e  s o i l s ,  and  Tanaka i n v e s t i g a t e d  

, -  : i L . L , ; ~ p  . ':ht*y w e r X  L i b J ~ >  t a  rneas1lre p o r c  w a t e r  p r e s s u r e s  
L , .- j:, ;' : i  * j F rlr: ' or w b i  ! P il i o n s t a n t  l oad  was a p p l i e d .  For 

. ! ~ i , > , ' r ~ - : t  ? i ~  {cJr . ;e;! ,  r ;f  embedment equa l  t o  s i x  t i m e s  t h e  
s - ;  .+ : 1 .  t f c l , : ~  i : h a t  p o s i t i v e  po re  w a t e r  p r e s s u r e s  deve loped  

I (  I . I f i  )ct + ' > I:,. ~ n r ? c r  r e a n  and n e g a t i v e  p r e s s u r e s  d e v e l o p e d  
I : f  : A ~ J ; ?  1-7 ~ ~ ) n c i : d c C I  t h a t  t h e  s u c t i o n  forct. r e s u l t i n g  f rom the 

.> w3tcl.r i - r G > . ~ i l x e s  s i o h t  r : j n t r i b u t e  t o  t h e  s h o r t - t e r m  c a p a c i t y  o f  
L * ~ :  r c  . ' - 8 1  ~ L P L I A C - '  : ' I \ - ,  ind t h u s  o v e r e s t i m a t e  i t s  long - t e rm c a p a c i t y .  

r '  , i i 1 . i , l c !  'i>1-lka [ l l ' j ]  z!so p e r f o r m e d  t e s t s  i n  o v e r c o n s o l i d a t e d  
2 .. A < , - . I  ~ O L ~ I  d t !  a: t i  e long-:rrm c a p a c i t y  of t h o s e  t i e b a c k s  were  

r i 1- i il~:l. ' > l i  ' r t  -1 erin ~ A ~ J L -  i t  v i f  t h e  ~ ~ n c t ~ o r  was embedded s i x  t i m e s  . , : i L a ~ i t ' ~  ~r 'it ile ~ ~ v J e r r t  3 3 .  A t  s b a l  !ow d e p t h s  (embedment l e s s  t h a n  3  

+ i l  t. . r lie ,nder redm d ian1t.t c r )  , Ftlard found t h a t  t h e  l ong - t e rm c a p a c i t y  was 
r~ ! 3 1 1  + 1  P \hart-term c a p a r i  t v .  Tn a d d i t i o n ,  n e g a t i v e  p o r e  w a t e r  

, r r d b 1 -  + - P C ,  , 1 ~ ; ~ ~ 1 o p t 1 d  ir? f r o n t  f a l l  t h e  s h a l l o w  a n c h o r s .  N e g a t i v e  p o r e  
. '-3 r , r - - s i i l r r  s c~orl ld cai lse  t h e  s o i  1 t o  s o f t e n  and l o s e  s t r e n g t h  w i t h  t i m e .  

:her( l ~ , ~ ~ w  twen 1 e v  ~)eni-rlnei:t s i n g  le-underreamed t i e b a c k s  i n s t a l l e d .  
# i > t B -  sc, ir i  i t ;  Joe.; :?ot mcaan t h a t  t h e v  w i l l  n o t  pe r fo rm s a t i s f a c t o r i l y .  I n  
, (  , t t le  mn~:r*l  t e s t s  r e p o r t e d  by R ~ a - d  11121 and  Tanaka 11131 i n d i c a t e d  
, , i t  i nj;! C ~ - - I I I I ~ C ~ ~  reamcad t i e h a c k c  sho r l l  d  pe r fo rm v e r y  w e l l  i n  

t r -  n I i i ? h v ~  i I 5. S i  ng!e-underreamed t i e b a c k s  s h o u l d  n o t  



F i g u r e  9 6 .  Tieback  movement v s .  t i m e  f o r  a  s ing le -unde r reamed  model t i e b a c k  
i n  a  n o r m a l l y  c o n s o l i d a t e d  k a o l i n  c l a y  w i t h  t h e  o v e r b u r d e n  
p r e s s u r e  a t  7 2 . 5  p s i  (500 kPa)  [ 1 1 3 ] .  

have  s i g n i f i c a n t  c r e e p  movements s i n c e  t h e y  a r e  embedded d e e p  enough t o  
a v o i d  t h e  development  o f  n e g a t i v e  po re  w a t e r  p r e s s u r e s  i n  f r o n t  of t h e  
underream,  and a  s h o r t - t e r m  t e s t  shou ld  g i v e  a  good i n d i c a t i o n  o f  t h e i r  
long- term pe r fo rmance .  

B. Mul t iunde r reamed  T iebacks  

Mul t iunde r reamed  t i e b a c k s  a r e  n o r m a l l y  i n s t a l l e d  i n  c o h e s i v e  s o i l s .  
Chap te r  8 c o n t a i n s  a  d e s c r i p t i o n  o f  how t h e y  a r e  c o n s t r u c t e d  and E q u a t i o n  
(20)  (Page  1 1 6 )  i s  u s e d  t o  e s t i m a t e  t h e i r  c a p a c i t y .  They d e v e l o p  t h e i r  
c a p a c i t y  f rom f r i c t i o n  a l o n g  t h e  s h a f t  above  t h e  unde r reams ,  end  b e a r i n g  of  
t h e  f i r s t  unde r ream,  and s h e a r  a l o n g  a  c y l i n d e r  e s t a b l i s h e d  by t h e  t i p s  of  
t h e  unde r reams .  B a s s e t t  [ 8 7 ]  conf i rmed  t h i s  l o a d  t r a n s f e r  mechanism on 
model mu l t iunde r reamed  t i e b a c k s .  

The long- term pe r fo rmance  o f  mu l t iunde r reamed  t i e b a c k s  i n  c o h e s i v e  s o i l s  
h a s  n o t  been  w e l l  documented.  L i t t l e j o h n  I1141 r e p o r t e d  a  s i g n i f i c a n t  l o s s  
o f  l o a d  a t  a pe rmanen t ,  mu l t iunde r reamed  t i e b a c k s  i n s t a l l a t i o n  on t h e  R i v e r  
Mole, England.  T h i s  l o a d  l o s s  may have  r e s u l t e d  from s t r a i n  s o f t e n i n g  
( c r e e p )  i n  t h e  u n d i s t u r b e d  o v e r c o n s o l i d a t e d  c l a y  a l o n g  t h e  c y l i n d e r  d e f i n e d  
by t h e  t i p s  o f  t h e  unde r reams .  A s t i f f  c l a y  would s o f t e n  i f  n e g a t i v e  p o r e  



w a t e r  p r e s s u r e s  deve loped  a s  a  r e s u l t  o f  s h e a r  s t r a i n s .  I f  s o f t e n i n g  
o c c u r s ,  t h e  s t r e n g t h  a l o n g  t h e  s h a f t  would be reduced t o  a r e s i d u a l  s t r e n g t h  
and e x c e s s i v e  movement would o c c u r  a s  t h e  l o a d  r e d i s t r i b u ~ e d  down a l o n g  t h e  
anchor  l e n g t h .  

C .  S t r a i g h t - S h a f t e d ,  Low-Pressure-Grouted T iebacks  

S t r a i g h t - s h a f t e d  t i e b a c k s  c a n  be i n s t a l l e d  by a  v a r i e t y  o f  d r i l l i n g  
methods (See  Chap te r  8 ) .  T h e i r  c a p a c i t i e s  a r e  e s t i m a t e d  by E q u a t i o n s  ( 1 7 )  
and (18 )  (Page  1 1 4 ) .  Each one  o f  t h e  d r i l l i n g  methods d i s t u r b s  o r  r emolds  
t h e  s o i l  a d j a c e n t  t o  t h e  w a l l  of  t h e  h o l e ,  and t h e  s o i l  s h e 3 r  s t r e n g t h  i s  
r educed  a s  a  r e s u l t  o f  d r i l l i n g  d i s t u r b a n c e .  

Feddersen  [ I 1 5 1  r e p o r t e d  t h e  l o a d  t r a n s f e r  r a t e s  a l o n g  a  t i e b a c k  w i t h  a  
59  f t  (18  m )  l o n g  a n c h o r  l e n g t h .  The t i e b a c k s  were  i n s t a l l e d  i n  a  s t i f f  t o  
v e r y  s t i f f ,  h i g h l y  p l a s t i c  c l a y .  The l o a d  i n  t h e  t endon  was measured w i t h  
s t r a i n  g a u g e s ,  and t h e  l o a d  t r a n s f e r  r a t e  was c a l c u l a t e d  assuming a  un i fo rm 
r a t e  o f  l o a d  t r a n s f e r  between t h e  gauges .  F i g u r e  97 shows t h e  measured 
f o r c e  i n  t h e  t e n d o n  f o r  d i f f e r e n t  l o a d  i n c r e m e n t s ,  and t h e  c a l c u l a t e d  l o a d  
t r a n s f e r  r a t e  as  a  f u n c t i o n  o f  d i s t a n c e  a l o n g  t h e  a n c h o r  l e n g t h .  It i s  
o b v i o u s  t h a t  t h e  r a t e  o f  l o a d  t r a n s f e r  i s  n o t  un i fo rm.  

E v a n g e l i s t a  and  Sap io  [ I 1 6 1  p r e s e n t e d  t h e  r e s u l t s  o f  t -  ~ s t s  o n  two 
8.7 i n c h  (220  mm) t i e b a c k s  i n s t a l l e d  i n  a  s t i f f  c l a y .  The c l a y  had a n  
a v e r a g e  w a t e r  c o n t e n t  o f  23.6%, u n i t  we igh t  of  1 3 0  pcf  ( 2 , 0 8 3  k ~ / m ~ ) ,  and  
a n  u n d r a i n e d  s h e a r  s t r e n g t h  o f  5 ,632  ps f  (270.3 k p a ) .  F i g u r e  98 shows t h e  
c a l c u l a t e d  s k i n  f r i c t i o n  a l o n g  t h e  a n c h o r  l e n g t h  a t  f a i l u r e .  The s k i n  
f r i c t i o n  was c a l c u l a t e d  f rom t h e  s t r a i n  gage  de t e rmined  l o a d  d i s t r i b u t i o n ,  
assuming a n  a n c h o r  d i a m e t e r .  The c a l c u l a t e d  s k i n  f r i c t i o n  was l e s s  t h a n  50 
p e r c e n t  o f  t h e  u n d r a i n e d  s h e a r  s t r e n g t h  o f  t h e  c l a y  and i t  was n o t  un i fo rm.  

S t r a i g h t - s h a f t e d ,  l ow-pres su re -g rou ted  t i e b a c k s  i n s t a l l e d  i n  
l o w - s t r e n g t h  c l a y s  ( u n d r a i n e d  s h e a r  s t r e n g t h  l e s s  t h a n  1 0 0 0  p s f  [47 .9  
kN/m2]) are l i k e l y  t o  c r e e p ,  and t h e s e  t i e b a c k s  s h o u l d  n o t  be u s e d  f o r  
permanent  a p p l i c a t i o n s  u n l e s s  long- term t e s t i n g  and m o n i t o r i n g  i l d i c a t e  
a c c e p t a b l e  pe r fo rmance .  

S t r a i g h t - s h a f t e d ,  l ow-pres su re -g rou ted  t i e b a c k s  i n  s t i f f  t o  h a r d  c l a y s  
( u n d r a i n e d  s h e a r  s t r e n g t h  g r e a t e r  t h a n  1000  ps f  [47 .9  kN/m2]) may n o t  be 
s u b j e c t  t o  s i g n i f i c a n t  l o s s  o f  l o a d  a s  a  r e s u l t  o f  c r e e p .  When c r e e p  o c c u r s  
i n  a  s t i f f  c l a y ,  t h e  s t r e n g t h  a l o n g  t h e  s h e a r  s u r f a c e  i s  r educed  t o  a 
r e s i d u a l  v a l u e .  The d r i l l i n g  methods used  f o r  l ow-pres su re -g rou ted  t i e b a c k s  
a l s o  remolds  t h e  c l a y  and r e d u c e s  t h e  s t r e n g t h  t o  a  r e s i d u a l  v a l u e .  It i s  
p o s s i b l e  t h a t  t h e  c r e e p  mechanism i n  s t i f f  and h a r d  c l a y s  i s  d e s t r o y e d  by 
d r i l l i n g .  T h i s  h y p o t h e s i s  h a s  n o t  y e t  been  conf i rmed  by model- o r  
f u l l - s c a l e  t e s t i n g .  Low-pressure-grouted t i e b a c k s  i n  c l a y  must  be c a r e f u l l y  
t e s t e d  and m o n i t o r e d  i f  t h e y  a r e  g o i n g  t o  be used  f o r  permanent  a p p l i c a t i o n s .  

D. P o s t g r o u t e d  T iebacks  

P o s t g r o u t e d  t i e b a c k s  a r e  i n s t a l l e d  m a i n l y  i n  c o h e s i v e  s o i l s ,  b u t  t h e y  
c a n  a l s o  be e f f e c t i v e l y  u s e d  i n  s a n d s  and g r a v e l s .  T h e i r  i n s t a l l a t i o n  i s  
d e s c r i b e d  i n  C h a p t e r  8 .  A t  p r e s e n t  e a c h  t i e b a c k  c o n t r a c t o r  u s e s  e x p e r i e n c e  
t o  e s t i m a t e  t h e  c a p a c i t y  o f  h i s  p a r t i c u l a r  p o s t g r o u t i n g  sys t em.  The l o a d  
t r a n s f e r  mechanism f o r  t h e s e  t i e b a c k s  i s  n o t  w e l l  
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Figure  97 .  Load t r a n s f e r  r a t e  v s .  anchor  l e n g t h  a l o n g  a t i e b a c k  i n s t a l l e d  
i n  a  s t i f f  t o  v e r y  s t i f f  c l a y  [115] .  
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T i e b a c k  l e n g t h ,  Pt. 

F i g u r e  38.  S k i n  f r i c t i o n  a l o n g  two t i e b a c k s  i n s t a l l e d  i n  a  h a r d  c l a y  
w i t h  a n  u n d r a i n e d  s t r e n g t h  o f  39 p s i  (270  kPa)  [ 1 1 6 ] .  

u n d e r s t o o d  and v e r y  l i t t l e  l o a d  d i s t r i b u t i o n  t e s t  d a t a  h a s  been r e p o r t e d  i n  
t h e  l i t e r a t u r e .  Bus tamante ,  e t  a 1  [ 8 9 ] ,  r e p o r t e d  on e x t e n s i v e  t e s t f n g  
per formed o n  TMD p o s t g r o u t e d  t i e b a c k s  i n s t a l l e d  i n  a n  o v e r c o n s o l i d a t e d  c l a y  
hav ing  a  u n i t  w e i g h t  o f  118 t o  1 2 4  pcf (1 ,890  t o  1 , 9 8 6  k ~ / m 3 ) ,  a  n a t u r a l  
w a t e r  c o q t e n t  o f  30 t o  40  p e r c e n t ,  a l i q u i d  l i m i t  o f  80 t o  90 p e r c e n t ,  a  
p l a s t i c i t y  i n d e x  between 50 and 6 0 ,  and a n  c o h e s i o n  between 1 , 2 5 3  and 1 , 6 7 1  
ps f  ( 6 0  and  8 0  k P a ) .  One o f  t h e s e  t i e b a c k s  was mon i to red  f o r  116  d a y s ,  and 
t h e y  found t h a t  t h e  185 .4  k i p s  (825 kN) lock -o f f  l o a d  was reduced by 
7.9 k i p s  (35kN). Ganda i s  and Delmas [ 1 1 7 ]  r e p o r t e d  t h a t  a d d i t i o n a l  
o b s e r v a t i o n s  on  t h e  same t i e b a c k  showed a  t o t a l  l o s s  o f  l o a d  o f  15 .8  k i p s  
(70kN) o v e r  250 d a y s .  They had p r e d i c t e d  a  13.5 k i p s  (60kN) r e d u c t i o n  u s i n g  
s h o r t - t e r m  t e s t  r e s u l t s .  Candais  and Delmas [ I 1 7 1  a l s o  r e p o r t e d  t h a t  t h e  
u l t i m a t e  c a p a c i t y  o f  t h i s  t i e b a c k  i n c r e a s e d  20 p e r c e n t  upon r e t e s t i n g  a f t e r  
b e i n g  l o c k e d - o f f  f o r  9  months.  T h i s  i n c r e a s e  i n  c a p a c i t y  i n d i c a t e s  t h a t  
c o n s o l i d a t i o n  r a t h e r  t h a n  c r e e p  may have  caused  t h e  o b s e r v e d  t ime-dependent  
movement s . 

Bustamante ,  e t  a1  [ 8 9 ] ,  a l s o  showed t h a t  t h e  t i e b a c k  c a p a c i t y  was n o t  
p r o p o r t i o n a l  t o  t h e  amount o f  g r o u t  i n j e c t e d  o r  g r o u t i n g  p r e s s u r e ,  b u t  i t  
was p r o p o r t i o n a l  t o  t h e  volume of  g r o u t  which formed t h e  g r o u t  body d i r e c t l y  
a round  t h e  t endon .  A s i g n i f i c a n t  amount o f  t h e  g r o u t  i n j e c t e d  was found i n  
h o r i z o n t a l  l e n s e s  away from t h e  a n c h o r  zone .  

Schnabe l  Founda t ion  Company h a s  u s e d  'MD t i e b a c k s  i n  a  s i l t y  c l a y  w i t h  
a E  a v e r a g e  u n d r a i n e d  s h e a r  s t r e n g t h  of  1 , 5 0 0  ps f  (71.9 k P a ) ,  a  p l a s t i c  l i m i t  
between 40 and 5 5  p e r c e n t ,  and a  n a t u r a l  w a t e r  c o n t e n t  be tween 1 7  and 



24 p e r c e n t .  These  t ieSdcL s wert. t es t  @ t i  t 1 ' r - 3 a A 

a t  8 0  k i p s  ( 3 5 6  kN) .  A f t r r  one  y e n r  i t '  P j l l 1  t ) -  i 1 , )  i t , t -  r ; : 

was l e s s  t h a n  o n e  k i p  ( 4 . ) + 5  kN) . 
Based upon t h e s e  t e s t s ,  p o s t g r o l l t e d  r :cbac k i1: s :  " 

f o r  permanent  a p p l i c a t i o n s .  Caref111 sho. *i - t t a rn  ! e . ; :  - )  

recommended f o r  a n y  pcmai ien t  pr>stGrcbtt: ec' t i r . ' u  1 y - b  + 

The o b s e r v e d  pe r fo rmance  of  penn,irient t . c  1 , ~ .  i :, 1 x y t L > t  t r i  

t r a n s f e r  mechanisms p r e s e n t e d  i n  t h i s  c h c  p t c r  art7 r i ; i  ; c :  -:- . t 

i n d i c a t e s  t h a t  t h e  t i m e - d e p e n d e n t  rifl)vel;ilrtr3:s t ' 1 A .  . 
s t u d y i n g  t h e  t i e b a c k  movenents  ,is ~i t u n i . i i o n  , I +  1 1  7 .  

Permanent  t i e b a c k s  i n  d e n s e  s anL ly  or < r h ~ c > ~  J y 7  i o i  1 o: h ,  

e x p e r i e n c e  s i g n i f i c a n t  l o s s  o f  l oad  110 ld .  11,: c ap, ic  -I:, ~r 4 I 

t i m e .  T i e b a c k s  c a n  be a n c h o r e d  i n  I - l d y ,  h i t  t 1 l c . i  mu-,: : I -  t - 1  ' 

t o  d e t e r m i n e  w h e t h e r  o r  n o t  t h e y  w i l l  p e ~ f ~ r r n  ( i , l t  i ~ i *  z r t o ~ i  .. 
S t r a i g h t - s h a f t e d  t i e b a c k s  i n s t a l l e d  i n  l c j w  s t r e n l ; t l  I A L  -, :!TI< r  1r.d - I + -  4 

s t r e n g t h  l e s s  t h a n  1 , 0 0 0  p s f  [ 4 7 . 9  kK/m " )  wi 1 1  jlrib'~,.~ l ' + - t  

s u s c e p t i b l e .  S t r a i g h t - s h a f t e d  and ,-~nst , . : * o u r ~ d  t lr-h,it i;,, I I . : I * '  t s s  
c l a y s  ( u n d r a i n e d  s h e a r  s t r e n g t h  gre, t t  e r  t tiCln 1 ,OI^I p c , f  l i. ':' 1- ' 
n o t  b e  s u b j e c t  t o  s i g n i f i c a n t  loss o t  lo , jd  ai; ,I , > ; \ . I  t 1 1 .  - 6  t , ,  . 
Mul t iunde r r eamed  t i e b a c k s  may e x p e r i c n c c  l;qrgc. 1 >.;.. ,,.  ' , , , I ( !  , , i  r h i .  1 

s t r a i n  s o f t e n i n g .  

The p l a s t i c i t y  i n d e x  i s  a n  i n d i p a t  io.1 o f  t t  I. t y p r  ~ i r  ( i  1 , -  ) i i 1 1 z  I , ;  r ,, 

p r e s e n t  i n  t h e  s o i l .  A s o i l  w i t h  a h i g h  p l a s t i t f t v  i r { l i . ,  k f, , I  < .  . > ,  
s u s c e p t i b l e  t h a n  one  w i t h  a low p l a s t i c i  1 ; i n(lt.:. . Tlir L C - , ,  

Recommendations [ 5 3 ]  r e q u i r e  c a r e f t 1 1  i ret p t e s t  i . , i :  wt e n  t i r- r : L  I ,ck : &. 

i n s t a l l e d  i n  a c o h e s i v e  s o i l  w i t h  ,-l p l a s h  i r i  t \ -  iridc.; ,T;tL,t t  t r t l , , ~  7 .' .: I L 
t o  20.  A c o n s i s t e n c y  i n d e x  (See  Pngt. Ir 1'1 1 ~ 5 ~  thc .n  ( . i  : t  < f I c f c  
s t r a i g h t - s h a f t e d  t i e b a c k  may be c r e e p  s u  r . c > p t  i ' p l ~ : .  i !  f 1 1 1  A 1 6 ,  4 ,  b,  I r t  

a n c h o r e d  i n  s o i l s  w i t h  p r o p e r t i e s  p o n r e r  t h , ~ n  thost.  g i  vt-'1 , - ) I  \ " "'( 1 1  * 

d e s i g n  l o a d s ,  l e s s  t h a n  40 t o n s  ( 3 5 6  k K ) ,  s h o \ ~ l t i  h e  I ~ S P  , I +  : r,. t ' , I  

s h o u l d  be pe r fo rmed  (See  Chap te r  I ( ) ) ,  ant1 r e g ~ ~ l a r  lonp-trl.-l- T (  .: . i s -  I-). 
' should  be u s e d .  

Many t e m p o r a r y  i n s t a l l a t i o n s  o i f e r  . l r i  exct.1 l e n t  oppor t , : , l i  t~ t ,  1 , :  
t i e b a c k s  i n s t a l l e d  i n  c o h e s i v e  s o i l s .  V< t luah lc  i n f o m a :  i 2 c o ; l c  ,.r1 i r r , ,  - I - 
l ong - t e rm pe r fo rmance  c a n  be o b t a i n e d  i f  tempor, i r> t ic.b,,L l . ,t:+ - c  : 
a c c o r d a n c e  w i t h  t h e  p r o c e d u r e s  recuinmendc~d i n  C h n p t r r  L ~ ' .  ' ~ ) P K ! .  rklf- 
long- te rm pe r fo rmance  c a n  be e v a l u a t e d  by m o n i t o r i n g  i ht d ~ f  cir~i;<ition., t c 
s t r u c t u r e ,  a n d  t h e  t i e b a c k  l o a d  d u r i n g  c ~ ~ n s t r ~ ~ c ~ ~  i o n .  



CHAPTER L O  - RECOMMENDATTONS FOR TIEBACK TESTING AND MONITORING - ------- 

T ' e b ~ c k  t e s t s  a r e  per formed t o  v e r i f y  t h a t  t h e  t i e b a c k  w i l l  c a r r y  t h e  
desisr! l o a d  f o r  t h e  s e r v i c e  l i f e  o f  t h e  s t r u c t u r e  w i t h o u t  e x c e s s i v e  
ific.vemer,ts. T e s t s  c a n  a l s o  be used  t o  check  t h a t  t h e  unbonded l e n g t h  h a s  
heen e s t a b l i s h e d .  T iebacks  a r e  one  o f  t h e  few s t r u c t u r a l  s y s t e m s  where 
e v e r y  member c a n  n o r m a l l y  be t e s t e d  b e f o r e  p l a c i n g  them i n t o  s e r v i c e .  

?, + :e hack t e s t i n g  p rocedure  shou ld  i d e n t i f y  t h e  l o a d - d e f o r m a t i o n  
beh3vior GI t h e  t i e b a c k  f o r  e a c h  p r o j e c t ,  and p r o v i d e  t h e  e n g i n e e r  w i t h  d a t a  
c h a t  w i l l  e n a b l e  him t o  make a n  e n g i n e e r i n g  d e c i s i o n  as  t o  t h e i r  adequacy .  
A t  t h I q  t i m e ,  i t  i s  n o t  p o s s i b l e  t o  e s t a b l i s h  a  u n i v e r s a l  f a i l u r e  c r i t e r i a  
t h a t  can  be used  f o r  e v e r y  t y p e  o f  t i e b a c k .  The f a i l u r e  c r i t e r i a  t h a t  e x i s t  
i l l  m n y  of  t h e  s t a n d a r d s  a r e  o n l y  s a t i s f a c t o r y  f o r  a  p a r t i c u l a r  t i e b a c k  
t:-pe. The t i e b a c k  t e s t  d a t a  shou ld  a l s o  e n a b l e  new t i e b a c k  s y s t e m s  t o  be 
J e v r l o p e d  . 

I f  i f jar ;-deformation p a t t e r n s  a r e  t o  be u s e d  r a t h e r  t h a n  a n  a r b i t r a r y  
f , a i ; d r e  c r i t e r i a  t o  e v a l u a t e  t h e  t i e b a c k ,  t h e n  i t  i s  v e r y  i m p o r t a n t  t h a t  a 
s r a n d ~ r d  t e s t  p r o c e d u r e  be e s t a b l i s h e d .  By u s i n g  s t a n d a r d  t e s t s ,  e n g i n e e r s  
vl!l b ~ i o ~ i -  f a m i l i a r  w i t h  t h e  rnol~ement p a t t e r n s  o f  e a c h  t y p e  o f  t i e b a c k .  A 
s t an<?a rd  t e s t  w i l l  a l s o  s i m p l i f y  c o n t r a c t  s p e c i f i c a t i o n s ,  improve  t h e  
ct:~c+ers t a n d i  112 o f  t i e b a c k  b e h a v i o r ,  and r educe  c o n s t r u c t i o n  c l a i m s  and 
dc?a;rs .  The t e s t s  s h o u l d  n o t  be m o d i f i e d  because  e v e n  minor  c h a n g e s  i n  t h e  
+ - . s t i n g  pr .occdure  may a f f e c t  t h e  r e s u l t s .  For example ,  t h e  l o a d i n g  
sequences  used t o  r e a c h  t h e  maximum t e s t  l o a d  and t h e  l e n g t h  o f  t i m e  e a c h  
l o a d  i n t  remer~t i s  h e l d  w i l l  a f f e c t  t h e  r a t e  o f  movement a t  t h e  maximum t e s t  
l r a d  f o r  a s t r a f g h t - s h a f t e d  t i e b a c k  i n s t a l l e d  i n  a  c o h e s i v e  s o i l .  

The t i e h a c k  t e s t s  c o n t a i n e d  i n  t h e  French Recommendations [53], t h e  
:,erlp,iil S t a n d a r d s  [ 5 5 ]  and [ 5 6 ] ,  t h e  Swiss  S t a n d a r d  [ 5 7 ] ,  t h e  FIP  
Recommendations [ 5 8 ] ,  and t h e  PTI Recommendations [ 5 9 ] ,  are c o n s t a n t  l o a d  
t t ? s t  s .  T h ~ y  a r e  per formed u s i n g  a  h y d r a u l i c  j a c k  t o  a p p l y  and m a i n t a i n  t h e  
i o d .  TSle t i e b a c k  movement i s  measured u s i n g  a  d i a l  gauge  o r  v e r n i e r .  
?hese s t a n d a r d s  u s e  a d e t a i l e d  t e s t ( s )  o n  a  s e l e c t e d  number o f  t i e b a c k s ,  and 
a  s i inple  t e s t  o r  s t r e s s i n g  p rocedure  on  t h e  r ema in ing  o n e s .  The d e t a i l s  o f  
t h e s e  r e s t i n g  programs a r e  n o t  p r e s e n t e d ,  a l t h o u g h  t h e y  form t h e  b a s i s  f o r  
t h e  f o l  lowing recommended t e s t i n g  program. 

RECOMMENDED TESTING AND STRESSING EOUIPMENT 

f i g u r e  99  shows t y p i c a l  t i e b a c k  t e s t i n g  a r r a n g e m e n t s  f o r  a  b a r  and  a  
s t r a n d  t endon .  A h y d r a u l i c  j a c k  and pump i s  used  t o  a p p l y  t h e  l o a d  t o  t h e  
t endon .  Monostrand j a c k i n g  shou ld  n o t  be used  f o r  t h e  t e s t i n g  o f  m u l t i s t a n d  
t i e b a c k s ,  b e c a u s e  i t  i s  p r a c t i c a l l y  i m p o s s i b l e  t o  e s t a b l i s h  t h e  
ivad - -de fo rma t ion  b e h a v i o r  o f  a  t i e b a c k  by i n c r e m e n t a l l y  l o a d i n g  and 
u n l o a d i n g  one  s t r a n d  a t  a  t i m e .  A j a c k  c h a i r  (See  F i g u r e  9 9 )  i s  u s e d  
between t h e  j a c k  and t h e  b e a r i n g  p l a t e  t o  e n a b l e  t h e  t e s t  t o  be per formed 
w i t h  t h e  a n c h o r  head o r  n u t  i n  p l a c e .  A s t r e s s i n g  o r  t e s t i n g  a n c h o r a g e  i s  
u s e d  behind  t h e  h y d r a u l i c  j a c k  t o  g r i p  t h e  t e n d o n  d u r i n g  l o a d i n g .  The 
movement of  t h e  t i e b a c k  i s  measured w i t h  a  d i a l  gauge  o r  a  v e r n i e r  s u p p o r t e d  
o n  a r e f e r e n c e  which i s  independen t  o f  t h e  s t r u c t u r e  b e i n g  s u p p o r t e d .  The 



a) S t r a n d  tendon. 

b) Bar tendon. 

Figure 99. Tieback t e s t i n g  a l rangement .  



t i e b a c k  movement canno t  b e  a c c u r a t e l y  measured b y  measu r ing  j ack  ran: 
t r a v e l  b e c a u s e  t h e  e x t e n s i o n  o f  t h e  ram i n c l u d e s  movement o f  t h e  s t r u c t u r e  
i n  r e s p o n s e  t o  t h e  a p p l i e d  t i e b a c k  l o a d .  

The h y d r a u l i c  j a c k  and p r e s s u r e  gauge shou ld  be c a l i b r a t e d  a s  a  s e t .  
The c a l i b r a t i o n  s h o u l d  be done b e f o r e  t h e  s t a r t  o f  e a c h  p r o j e c t ,  and 
r e c a l i b r a t e d  i f  p r e s s u r e  measurements  a r e  s u s p e c t e d  t o  be e r r a t i c .  The 
c a l i b r a t i o n  s h o u l d  be done  u s i n g  a  minimum of t h r e e  l o a d i n g  c y c l e s  o v e r  t h e  
f u l l  r a n g e  o f  t h e  j a c k .  A minimum of  s i x  i n c r e m e n t s  s h o u l d  be used  d u r i n g  
e a c h  l o a d i n g  c y c l e .  The p r e s s u r e  gauge used  f o r  t e s t i n g  s h o u l d  be l a r g e  
enough t o  d i s t i n g u i s h  1 0 0  p s i  (690 kPa)  changes  i n  p r e s s u r e .  Load c e l l s  a r e  
u sed  t o  m o n i t o r  changes  i n  l o a d  w h i l e  t h e  t i e b a c k  l o a d  i s  b e i n g  h e l d  
c o n s t a n t  f o r  e x t e n d e d  p e r i o d s  o f  t i m e .  Load c e l l s  c a n  d e t e c t  s m a l l  changes  
i n  l o a d  t h a t  c a n n o t  be a c c u r a t e l y  measured on  a  p r e s s u r e  gauge .  T o t a l  l o a d  
shou ld  n o t  be measured  w i t h  a l o a d  c e l l  u n l e s s  i t s  a c c u r a c y  c a n  be shown t o  
be g r e a t e r  t h a n  t h e  a c c u r a c y  o f  t h e  p r e s s u r e  gauge .  The a c c u r a c y  o f  a  l o a d  
c e l l  c a n  be  a f f e c t e d  by c e l l  c o n s t r u c t i o n ,  f r i c t i o n  on t h e  c e l l ' s  b e a r i n g  
s u r f a c e s ,  m i s a l i g n m e n t ,  bending  o f  t h e  b e a r i n g  p l a t e s ,  and damage. The ram 
t r a v e l  o f  t h e  j a c k  must  be l o n g  enough t o  e n a b l e  t h e  t i e b a c k  t o  deform.  The 
h y d r a u l i c  pump must  be c a p a b l e  o f  r a i s i n g  t h e  l o a d  from one  l o a d  i n c r e m e n t  
t o  a n o t h e r  i n  l e s s  t h a n  60 s e c o n d s .  

A d i a l  gauge  i s  n o r m a l l y  used  t o  measure  t i e b a c k  movement. The gauge  
may be mounted on  a  t r i p o d  o r  f i x e d  t o  any  s u p p o r t  which i s  i n d e p e n d e n t  of  
t h e  s t r u c t u r e .  The d i a l  gauge  s h o u l d  be c a p a b l e  o f  measu r ing  t o  t h e  n e a r e s t  
0.001 i n c h e s  (0.025 mm). A w i r e  and v e r n i e r  c a n  a l s o  be used  t o  measure  
movements, i f  t h e y  are e x p e c t e d  t o  be l a r g e .  The w i r e  i s  a l i g n e d  c o a x i a l  t o  
t h e  t e n d o n  and i t  i s  p l a c e d  o v e r  a  p u l l e y .  A weigh t  i s  u s e d  t o  t e n s i o n  t h e  
w i r e ,  and t h e  movement i s  measured u s i n g  a  s c a l e  a t t a c h e d  t o  a  f rame and a  
v e r n i e r  a t t a c h e d  t o  t h e  w e i g h t .  

RECOMMENDED PERFORMANCE TEST 

The f i r s t  t h r e e  t i e b a c k s  and a  s e l e c t e d  p e r c e n t a g e  o f  t h e  r ema in ing  
t i e b a c k s  s h o u l d  be pe r fo rmance  t e s t e d .  The t e s t s  s h o u l d  be l o c a t e d  n e a r  
b o r i n g s .  The t i e b a c k s  a r e  t e s t e d  a s  soon  a s  t h e  g r o u t  h a s  g a i n e d  s u f f i c i e n t  
s t r e n g t h .  P r e s s u r e  i n j e c t e d  and p o s t g r o u t e d  t i e b a c k s  i n  s andy  o r  g r a v e l l y  
s o i l  c a n  be  t e s t e d  3 d a y s  a f t e r  i n s t a l l a t i o n .  O the r  t y p e s  o f  t i e b a c k s  made 
w i t h  Type I cement r e q u i r e  5 t o  7 d a y s  c u r i n g  b e f o r e  t e s t i n g .  I f  Type I11 
cement i s  u s e d ,  t h e  t i e b a c k s  c a n  n o r m a l l y  be t e s t e d  a f t e r  3 d a y s .  

The pe r fo rmance  t e s t  i s  u s e d  t o  v e r i f y  c a p a c i t y  and e s t a b l i s h  t h e  
l o a d - d e f o r m a t i o n  b e h a v i o r  f o r  t h e  t i e b a c k s  a t  a  p a r t i c u l a r  s i t e .  I t  i s  a l s o  
used  t o  s e p a r a t e  and i d e n t i f y  t h e  c a u s e s  of  t i e b a c k  movement, and t o  check  
t h a t  t h e  unbonded l e n g t h  h a s  been e s t a b l i s h e d .  The movement p a t t e r n s  
deve loped  d u r i n g  t h e  per formance  t e s t  a r e  u sed  t o  i n t e r p r e t  t h e  
l o a d - d e f o r m a t i o n  c u r v e s  f o r  t h e  s i m p l e r  p roo f  t e s t s .  

Per formance  t e s t i n g  i s  done by measu r ing  t h e  l o a d  a p p l i e d  t o  t h e  t i e b a c k  
and  i t s  movement d u r i n g  i n c r e m e n t a l  l o a d i n g  and u n l o a d i n g .  Tab le  1 2  g i v e s  
t h e  pe r fo rmance  t e s t  l o a d i n g  s c h e d u l e  t h a t  s h o u l d  be used  f o r  a  t i e b a c k  
anchored  i n  r o c k ,  o r  a sandy  o r  g r a v e l l y  s o i l .  S i n c e  t h e s e  t i e b a c k s  a r e  



T a b l e  1 2 .  Pe r fo rmance  test  made on a p r e s s u r e - i n j e c t e d  t i e b a c k  
i n s t a l l e d  i n  a d e n s e  f i n e  t o  medium sand .  

(1)  To i o  t h e  .lip-nr l o a d .  I t  l a  n o r m a l l y  between 2 and 1 0  p e r c e n t  o f  t h e  d a a i g n  l o a d  m d  i t  i a  u i n t a i n e d  i n  o r d e r  
t o  keep  t h e  t e a t i n s  egu lpmenr  a l i ' ned .  The a c t u a l  v a l u e  of rhlm l o a d  depends  upon t h e  t y p e  of t endon  and t h e  
u e l p h t  of t h e  J a c k .  

( 2 )  1 t o n  - 8 . 9  W ,  1 i n c h  = 2 5 . 4  m ,  1  p s i  - 6 . 9  W a .  

T o t a l  movement r e a d i n g s  
* *  R e s i d u a l  anchor  movement r e a d i n g s .  



n o t  s u s c e p t i b l e  t o  s i g n i f i c a n t  l o s s  o f  h o l d i n g  c a p a c i t y  w i t h  t i m e ,  t h e  
maximum t e s t  load  i s  h e l d  c o n s t a n t  f o r  10  minu tes .  During t h e  load  h o l d ,  
t h e  movements o f  t h e  t i e b a c k  should  be recorded  a t  0, 1, 2,  3, 4 ,  5 ,  7 ,  and 
1 0  minutes .  I f  t h e  change i n  movement between 1 and 10 minu tes  exceeds  
0.04 i n c h e s  (1 mm), t h e n  t h e  movement s h a l l  be observed f o r  a  t o t a l  o f  60 
minu tes .  (Allowances f o r  c r e e p  i n  t h e  s t e e l  and v a r i a t i o n s  i n  t h e  c r e e p  
r a t e s  f o r  d i f f e r e n t  t y p e s  o f  tendons  may be n e c e s s a r y .  [See Page 2021). I f  
t h e  o b s e r v a t i o n  p e r i o d  i s  extended t o  60 m i n u t e s ,  t h e n  t h e  movements shou ld  
a l s o  be recorded  a t  1 5 ,  20, 25, 30,  45,  and 60 minutes .  The o b s e r v a t i o n  
p e r i o d  s t a r t s  when t h e  pump beg ins  t o  a p p l y  load  t o  t h e  t i e b a c k .  The load  
shou ld  be r a i s e d  from t h e  p rev ious  increment  i n  l e s s  t h a n  60 seconds ,  and 
t h e  one minu te  r e a d i n g  i s  t a k e n  one minute  a f t e r  t h e  pump was s t a r t e d .  

Table  1 3  g i v e s  t h e  performance t e s t  l o a d i n g  schedu le  t h a t  shou ld  be used 
f o r  a  t i e b a c k  anchored i n  a  c o h e s i v e  s o i l .  The 60 minu te  load  ho ld  i s  used 
t o  e v a l u a t e  t h e  long-term load h o l d i n g  a b i l i t y  o f  t h e  t i e b a c k .  During t h e  
l o a d  h o l d ,  t h e  movements o f  t h e  t i e b a c k  shou ld  be recorded  a t  0 ,  1, 2, 3 ,  4 ,  
5,  7 ,  1 0 ,  1 5 ,  20, 25, 30,  45, and 60 minu tes .  I f  t h e  change i n  movements 
between 1 and 1 0  minu tes  i s  l e s s  t h a n  0.04 i n c h e s  ( 1  mm) ( a f t e r  a l l o w i n g  f o r  
tendon c r e e p  [See Page 2 0 2 ] ) ,  t h e n  t h e  load  ho ld  can  be d i s c o n t i n u e d .  

A c r e e p  c u r v e  should  be p l o t t e d  f o r  each  performance t e s t  where t h e  l o a d  
was h e l d  f o r  60 minu tes .  I n t e r p r e t a t i o n  o f  t h e  t e s t  r e s u l t s  i s  d i s c u s s e d  i n  
t h e  s e c t i o n  beg inn ing  on Page 194. 

Two t y p e s  o f  load-deformat ion c u r v e s  shou ld  be  p l o t t e d  f o r  e a c h  
performance t e s t ;  a  t o t a l  movement c u r v e ,  and a  r e s i d u a l  anchor  movement 
cu rve .  F i g u r e  100 ( a )  shows t h e  t o t a l  movement c u r v e  f o r  t h e  
p r e s s u r e - i n j e c t e d  t i e b a c k  t e s t  r e s u l t s  c o n t a i n e d  i n  Table  12. In  o r d e r  t o  
s i m p l i f y  t h e  p r e s e n t a t i o n  o f  t h e  d a t a  and t o  h i g h l i g h t  t h e  b e h a v i o r  o f  t h e  
tq ieback ,  o n l y  t h e  movement a t  t h e  maximum l o a d  i n  each  increment  i s  
p l o t t e d .  The d a t a  t o  be p l o t t e d  i s  i d e n t i f i e d  w i t h  a n  a s t e r i s k  (*I i n  t h e  
remarks column i n  Table  12. 

F i g u r e  100  ( b )  shows t h e  r e s i d u a l  anchor  movement c u r v e  f o r  t h e  d a t a  i n  
Table 12. When a  t i e b a c k  i s  l o a d e d ,  t h e  anchor  moves th rough  t h e  s o i l  a s  i t  
deve lops  c a p a c i t y .  When t h e  load  i s  reduced t o  z e r o ,  a  p o r t i o n  o f  t h e  
anchor  movement i s  e l a s t i c  and r e c o v e r e d ,  bu t  some o f  t h e  movement i s  
nonrecoverab le .  T h i s  nonrecoverab le  movement ( r e s i d u a l  anchor  movement), i s  
a l s o  measured d u r i n g  a  performance t e s t .  The r e s i d u a l  movements a r e  p l o t t e d  
a s  a f u n c t i o n  o f  t h e  h i g h e s t  p r e v i o u s  load .  The movements t o  be p l o t t e d  a r e  
i d e n t i f i e d  w i t h  a  doub le  a s t e r i s k  (**I i n  t h e  remarks column i n  Table 12. 

The t o t a l  movement o f  a  t i e b a c k  i s  made up o f  e l a s t i c  movements 
( r e c o v e r a b l e  movements), and r e s i d u a l  anchor  movements (nonrecoverab le  
movements). The e l a s t i c  movements r e s u l t  from e l a s t i c  e l o n g a t i o n  o f  t h e  
tendon and e l a s t i c  movements o f  t h e  anchor  through t h e  s o i l ,  and i t  i s  e q u a l  
t o  t h e  t o t a l  movement minus t h e  r e s i d u a l  anchor  movement. Time-dependent 
movements ( c r e e p  movements) make up a  p o r t i o n  o f  t h e  r e s i d u a l  anchor  
movement i f  t h e  l o a d  i s  h e l d  c o n s t a n t  f o r  a  p e r i o d  o f  t ime.  The c r e e p  
movements a r e  a  r e s u l t  o f  time-dependent movement o f  t h e  anchor  through t h e  
s o i l ,  p r o g r e s s i v e  debonding o f  t h e  tendon i n  t h e  g r o u t ,  and c r e e p  movements 
i n  t h e  tendon.  These components o f  movement can  be i d e n t i f i e d  i n  a  
performance t e s t ,  and t h e y  a r e  i d e n t i f i e d  i n  F i g u r e  101. F igure  101 i s  a  
p l o t  o f  t h e  d a t a  p r e s e n t e d  i n  Table 13.  



Table 13. Performance test made on a hollow-stem-augered tieback 
installed in a stiff silty clay. 

(1) T i s  t h e  a l i g m e n t  l o a d .  I t  i s  n o r a a l l y  b e t w e e n  2 a n d  10 p e r c e n t  of  t h e  d e s i g n  l o a d  a n d  i 
t8 k e e p  t h e  t e s t i n g  e q u i p m e n t  a l i g n e d .  T h e  a c t u a l  v a l u e  of  t h i s  l o a d  d e p e n d s  u p o n  t h e  t y p e  

w e i g h t  o f  t h e  J a c k .  

L o a d  
i n c r e m e n t  

( 2 )  1 t o n  - 8 . 9  !d, 1 i n c h  = 2 5 . 4  mm, 1 :si - 6 . 9  '&a 

In m a i n t a i n e d  
of  t e n d o n  and I 

B a s i s  
of l o a d  

( P D L - d e s i g n  l o a d )  

1 d e r  

Load 
( t o n e )  

O b s e r v a t i o n  
p e r i o d  

( = i n )  
R e n a r b  

Jack  
p r e a s u r c  

( p a l )  
Movement 
( i n c h e s )  





Tes t  load  ( t o n s )  

a )  T o t a l  movement cu rve  

T e s t  l o a d  ( t o n s )  

b)  Residual  anchor movement curve  

Tieback d a t a :  

Lengths : Hollow stem augered t i e b a c k  

Anchor = 37 f t .  (11.3 m )  

J a c k i n g  = 5 f t .  (1 .5  m )  

Note: 1 t o n  = 8.9 kN 
1 p s i  = 6.9 kPa 

Grout ing : 

1; c u .  y d s .  

100 p s i  

1 i n c h  = 25.4 mm 
1 c u .  yd .  = d.765 m3 

Figure 101. Performance t e s t  made on a hollow-stem-augered t i e b a c k  
i n s t a l l e d  i n  a s t i f f  s i l t y  c l a y .  



Many t i e b a c k  s p e c i f i c a t i o n s  have s p e c i f i e d  a  minimum and a  maximum 
e l a s t i c  movement f o r  t h e  t i e b a c k s .  T y p i c a l l y  t h e  minimum e l a s t i c  movement 
has  been r e q u i r e d  t o  exceed 0.8 t imes  t h e  c a l c u l a t e d  e l a s t i c  e l o n g a t i o n  of 
t h e  unbonded l e n g t h ,  and t h e  maximum e l a s t i c  movement h a s  been r e q u i r e d  t o  
be l e s s  t h a n  t h e  c a l c u l a t e d  e l a s t i c  e l o n g a t i o n  of t h e  unbonded l e n g t h  p l u s  
h a l f  of  t h e  anchor  l e n g t h .  

The checking of  t h e  minimum e l a s t i c  movement i s  a  r e a s o n a b l e  t h i n g  t o  do 
because  i t  v e r i f i e s  t h a t  t h e  unbonded l e n g t h  a c t u a l l y  has  been provided.  
Requir ing t h e  maximum e l a s t i c  movement t o  be l e s s  t h a n  a  c a l c u l a t e d  e l a s t i c  
e l o n g a t i o n ,  assumes t h a t  t h e  s k i n  f r i c t i o n  a long  a  s t r a i g h t - s h a f t e d  t i e b a c k  
i s  uniform and t h a t  t h e  end of t h e  t i e b a c k  does  n o t  move. Measurements and 
t i e b a c k  t e s t s  have shown t h a t  t h e s e  assumpt ions  o f t e n  a r e  n o t  t r u e ,  most 
t i e b a c k s  do n o t  t r a n s f e r  l o a d  t o  t h e  s o i l  un i fo rmly ,  even i n  uniform s o i l  
d e p o s i t s .  I n  a  uniform s o i l  d e p o s i t  t h e  s k i n  f r i c t i o n  a l o n g  a n  anchor  i s  a  
f u n c t i o n  o f  s t r a i n .  The s k i n  f r i c t i o n - - s t r a i n  r e l a t i o n s h i p  f o r  t h e  t i e b a c k  
w i l l  de te rmine  t h e  l o a d  t r a n s f e r  r a t e .  Chapter 9  c o n t a i n e d  a  d e t a i l  
d i s c u s s i o n  o f  s k i n  f r i c t i o n  d i s t r i b u t i o n s  and l o a d  t r a n s f e r  r a t e s .  A s h a f t  
t i e b a c k  i n  a  uniform s o i l  d e p o s i t  w i l l  normal ly  have e l a s t i c  movements l e s s  
t h a n  t h e  c a l c u l a t e d  e l a s t i c  e l o n g a t i o n  of  t h e  unbonded l e n g t h  p l u s  h a l f  of 
t h e  anchor  l e n g t h .  However, i f  a  s h a f t  t i e b a c k  i s  i n s t a l l e d  i n  a  nonuniform 
s o i l  d e p o s i t ,  t h e n  t h e  s k i n  f r i c t i o n  w i l l  be a f f e c t e d  by t h e  s o i l  and t h e  
s k i n  f r i c t i o n - - s t r a i n  r e l a t i o n s h i p  f o r  e a c h  s o i l .  I f  weak s o i l s  a r e  l o c a t e d  
around t h e  f r o n t  of  t h e  knchor ,  and s t r o n g e r  s o i l s  su r round  t h e  lower  
p o r t i o n  of t h e  a n c h o r ,  t h e n  t h e  a c t u a l  e l a s t i c  movements w i l l  exceed t h e  
maximum a l lowed .  These t i e b a c k s  should  no t  be r e j e c t e d .  The 1972 French 
Recommendations [ I181 had a  c r i t e r i a  f o r  t h e  maximum e l a s t i c  movement, b u t  
t h a t  c r i t e r i a  was dropped when t h e  1977 Recommendations [53]  were 
developed.  The requirement  was dropped because many s u c c e s s f u l  
i n s t a l l a t i o n s  had n o t  been a b l e  t o  meet t h e  c r i t e r i a .  

I n t e r p r e t a t i o n  of performance t e s t  r e s u l t s  w i l l  be d i s c u s s e d  i n  t h e  
i n t e r p r e t a t i o n  o f  t e s t s  r e s u l t s  s e c t i o n  of  t h i s  c h a p t e r .  

RECOMMENDED PROOF TESTS 

Each p r o d u c t i o n  t i e b a c k  which i s  n o t  performance o r  c r e e p  t e s t e d  shou ld  
be  proof  t e s t e d .  A proof  t e s t  i s  a  s imple  t e s t  which i s  used t o  measure 
t o t a l  movement of  t h e  t i e b a c k  d u r i n g  i n c r e m e n t a l  l o a d i n g .  The inc rements  of 
l o a d  a r e  t h e  same a s  t h o s e  used i n  t h e  performance t e s t  e x c e p t  t h e  maximum 
increment  i s  normal ly  e q u a l  t o  1.20 t imes  t h e  d e s i g n  l o a d .  

I f  t h e  performance t e s t  i n d i c a t e s  t h a t  t h e  t i e b a c k s  a r e  n o t  c r e e p  
s u s c e p t i b l e ,  and t h e  t i e b a c k s  a r e  i n s t a l l e d  i n  rock  o r  sandy s o i l s ,  t h e n  t h e  
proof  t e s t s  c a n  be r u n  i n  accordance  w i t h  t h e  schedu le  c o n t a i n e d  i n  Table  
14 .  The t a b l e  was des igned  t o  e n a b l e  f i v e  t i e b a c k  t e s t s  t o  be recorded  on 
t h e  same form. The maximum load  a p p l i e d  d u r i n g  t h e  t e s t  i s  h e l d  c o n s t a n t  
f o r  5 minu tes  and t h e  t i e b a c k  movement i s  recorded .  I f  t h e  movement between 
1 and 5 m i n u t e s  i s  l e s s  t h a n  0.03 i n c h e s  (0.76 mm) ( a f t e r  a l l o w i n g  f o r  
tendon c r e e p  [See Page 2021) then  t h e  t e s t  i s  d i s c o n t i n u e d .  I f  t h e  
movement exceeds  0.03 i n c h e s  (0.76 mm), t h e n  t h e  l o a d  shou ld  be main ta ined  
u n t i l  t h e  c r e e p  r a t e  can  be de te rmined .  



Table 14. Proof test form f o r  t i ebacks  i n s t a l l e d  i n  
noncohesive s o i l s  o r  rock. 

T I E B A C K  D A T A  1 
T i e b a c k  Type 

Tendon Type 

O B a r  O S t r a n d  

Tendon S i r e  

T o t a l  T i e b a c k  L e n g r h  (fc  

Anchor  L e n g t h  ( f o  

Unbonded L e n g t h  ( € 3  

J a c k i n g  L e n g t h  (f  t) 

S h a f t  D i a m e t e r  ( i n )  

B e l l  D i a m e t e r  ( in )  

G r o u t  T a k e  (bags )  

G r o u t  P r e s s u r e  ( p s i )  

C r o u t  T a k e  (cu. y d s . )  

Load 
I n c r e m e n t  

Alignment  Load 

B a s l s  of  
Load 

(PDL - D e s i g n  Load) 

0 . 2 5  PDL 
- - 

0 . 5 0  PDL 

0 . 7 5  P DL 

1.00 PDL 

1 .20  PDL ( 1  min)  

1 20 PDL (4  min)  

1 .20  PDL ( 5  min)  

Load 
( t o n s )  

J a c k  
P r e s s u r e  

( p s i )  

T I E B A C K  T E S T  R E S U L T S  

I i e b a c k  No. T i e b a c k  No. T i e b a c k  No. 

1 f t  = 0.305 m 
1 i n c h  = 025.4 mm 

Remarks 

-- 

T i e b a c k  No. T i e b a c k  No. 

1 ton = 8 .9  h1 



' I  r : , l l r s i u t -  s o i  i:, the)  t e s t  r e s u l t s  a r e  o f t e n  more e r r a t i c  t h a n  i n  r o c k  
I -  1 ;  = These r e s t s  may r e q u i r e  e x t e n d e d  o b s e r v a t i o n s  a t  t h e  

I P ,  ! 6 -,t. :(idd, dl id  d p l o t  of t h e  t o t a l  movement v e r s u s  l o a d  i s  h e l p f u l  
- I . ; . , ~  L q ~ ,  ire resrll t s  wi t11 the r e s u l t s  o f  t h e  pe r fo rmance  and c r e e p  

- ;,1b1 t' , give : .  t 1  e l o a d i n g  s c h e d u l e  f o r  a  proof  t e s t  i n  c o h e s i v e  
2 ? - ,  2 .  2 i i I o n t a i n . ,  the r e s u l t s  o f  a t e s t  per formed on a  
!L,v--str 17 - aii&t3~ed t i e b a c k  i n s t a l l e d  i n  a n  i n t e r b e d d e d  s t i f f  c l a y  and  s i l t y  

,,:( w FI: : ! F  a : <;hows p l o t  of  t h e  d a t a  i n  T a b l e  1 5 .  

, * . ' : a  > r  iA s:) i is ,  +kw e n g i n e e r  s h o u l d  r e v i e w  t h e  c r e e p  c u r v e s  d e v e l o p e d  
;r ,m ,he i e c p  ,2nd pe r fo rmance  t e s t s ,  and d e t e r m i n e  t h e  l e n g t h  o f  t h e  
- ..r , i t  f , ~ . ,  , ? r . r ~ o d  ~1114 Tie nragrrit.iide o r  p a t t e r n  o f  a c c e p t a b l e  c r e e p  

I* , + (  I- t i  td u! -vo i  t .cs ts .  Normal ly ,  a  f i v e  m i n u t e  o b s e r v a t i o n  p e r i o d  
'W - . ~ , i F i . - i c ~ n t  i r  c ~ ~ h e s i v e  s o i l s .  However, t h e  t i m e  p e r i o d  may have  t o  

,- " :  -41dt%d i f  t h e  ('reep movement i s  e r r a t l  c  o r  e x c e s s i v e .  

!I : -  r - :):.-+.,:. i % ) n  o f  proof  t e s t  r e s u l t s  i s  C i s c u s s e d  i n  t h e  I n t e r p r e t a t i o n  
, -  --(,:: T, ;.c i111 h:; seb t'i f i n  o f  t h i  i c h a p t e r .  

3 i - t *  o i l f  r e s t  p e r f ~ r r i i e d  on  3 hollow-stem-augered t i e b a c k  i n s t a l l e d  
i n  a n  i n t e r h c d d e d  s t i f f  s i l t y  c l a y  and s i l t y  s a n d .  

3 ,  
, , ,  T i s  t h e  s l j ~ x a c r : t  lo*;. i t  l a  n o m t ~ ! i y  be:vrrri 2 and 10 p e r c e n t  o f  t h e  d e s i g n  l o a d  and i t  i s  

rn;intdqr,rd i n  d ~ o c r  t o  k e e p  the t e e t i n &  e q u i ? m e n t  aligned. The a c t u a l  v a l u e  o f  t h i s  l o a d  d e p e n d s  

~ . v u n  t!ie t y p e  u i  tendor,  arid :ile wrlglrr sf t h e  j d c i .  



T o t a l  

L e n g t h s  : S h a f t  ili,i~nete: - 1: inches 

= 55 f t .  (16 .8  m) 
'I'eiidon: - - 0 . 5  i n .  s t  rcinds 

Unbonded = 1 0  f t .  (3.1 m) 

Anchor = 45 f t .  (13.7 m )  

J a c k i n g  = 5 f  t .  (1 .5  m )  

Note:  1 t o n  = 8.9 kN 
1 p s i  = 6.9 kPa 

1; c u .  y d s .  

100 psi 

1 i n c h  = 25.4  mm 
1 c u .  y d .  = 0.765 rn3  

F i g u r e  102 .  P roo f  t e s t  p e r f o r m e d  011 a hol low-s tem-augered  t i e b a c k  
i n s t a l l e d  i n  a n  i n t e r b ~ l d d e d  s t i f f  s i l t y  c l a y  and  s i l t y  
s a n d .  



RECOMHENDED CREEP TEST 

The long-term behav io r  of t i e b a c k s  i n s t a l l e d  i n  c o h e s i v e  s o i l s  i s  n o t  
w e l l  u n d e r s t o o d .  I n  o r d e r  t o  p r e d i c t  t h e  long-term behav io r  of t i e b a c k s  
i n s t a l l e d  i n  c l a y s ,  t h e  e n g i n e e r  shou ld  s e l e c t  a t  l e a s t  two t i e b a c k s  f o r  
c r e e p  t e s t i n g .  Normally, t h e s e  t e s t s  a r e  performed on two of  t h e  i n i t i a l  
t h r e e  performance- tes ted  t i e b a c k s .  

The t e s t  ar rangement  f o r  a  c r e e p  t e s t  i s  s i m i l a r  t o  t h a t  used f o r  
performance o r  proof t e s t s ,  excep t  a  l o a d  c e l l  i s  used t o  moni to r  t h e  
t i e b a c k  l o a d .  Table  16  c o n t a i n s  a  l o a d i n g  s c h e d u l e ,  and Table  17 g i v e s  t h e  
c r e e p  movement s c h e d u l e  f o r  a  c r e e p  t e s t .  The inc rements  of  l o a d  a r e  t h e  
same a s  t h o s e  used d u r i n g  a  performance t e s t .  Each o b s e r v a t i o n  p e r i o d  
s t a r t s  when t h e  pump beg ins  t o  a p p l y  load  and t h e  one minute  r e a d i n g  i s  
recorded  one minute  a f t e r  t h e  pump s t a r t s .  A l l  t i m e s  i n  Table  17 a r e  t a k e n  
from t h e  t ime when t h e  pump began t o  app ly  t h e  l o a d .  The l o a d  must be 
i n c r e a s e d  i n  less t h a n  60 seconds .  Tab les  16  and 17 a l s o  c o n t a i n  t h e  
r e s u l t s  of  a  c r e e p  t e s t  performed on a  pos tg rou ted  t i e b a c k  i n s t a l l e d  i n  a  
s t i f f  c l a y  w i t h  a  t r a c e  of f i n e  t o  medium s a n d ,  and F i g u r e s  1 0 3  and 104 show 
t h e  r e s i d u a l  anchor  movement, and c r e e p  c u r v e s  f o r  t h e  t i e b a c k .  

The t o t a l  movement and r e s i d u a l  anchor  movement c u r v e s  a r e  s i m i l a r  t o  
t h o s e  developed f o r  a  performance t e s t .  The c r e e p  movement a t  any t ime  i s  
t h e  change i n  movement from t h e  movement a t  1 minute .  The c r e e p  curve  i s  a  
p l o t  of  t h e  c r e e p  movement d u r i n g  each  increment  of load  w i t h  r e s p e c t  t o  t h e  
l o g  of t ime .  The c r e e p  r a t e  i s  t h e  s l o p e  of t h e  l i n e  p e r  decade of t ime .  A 
decade of t ime  i s  one l o g  c y c l e  of t ime .  A s e m i l o g a r i t h m i c  p l o t  of c r e e p  
movements a s  a  f u n c t i o n  of  t ime  was s e l e c t e d  because l a b o r a t o r y  t r i a x i a l  
c r e e p  r e s u l t s  a r e  d e s c r i b e d  by s i m i l a r  c u r v e s .  The French Recommendation 
[ 5 3 ]  and t h e  German Standard [ 5 6 ]  a l s o  use  s i m i l a r  c r e e p  c u r v e s .  

The l e n g t h  of  t h e  o b s e r v a t i o n  p e r i o d s  i n  Table 16  i n c r e a s e  a s  t h e  l o a d  
i n c r e a s e s .  Th i s  was done s o  t h a t  t h e  c r e e p  movements a r e  n o t  s i g n i f i c a n t l y  
i n f l u e n c e d  by t h e  p r e v i o u s  l o a d s .  The w r i t e r  h a s  found t h a t  p r e v i o u s  l o a d  
h i s t o r y  c a n  a f f e c t  t h e  c r e e p  r a t e .  The o b s e r v a t i o n  p e r i o d s  were s e l e c t e d  s o  
t h a t  t h e  t e s t s  cou ld  be completed i n  a  r e a s o n a b l e  amount of t i m e ,  and a  
v i r g i n  c r e e p  r a t e  cou ld  be e s t a b l i s h e d .  S ince  t h e  c r e e p  movements a r e  
p l o t t e d  a s  a  f u n c t i o n  of t h e  l o g  of t i m e ,  i t  would t a k e  1 ,000  minu tes  t o  add 
one a d d i t i o n a l  l o g  c y c l e  t o  a  temporary t i e b a c k  t e s t  and 3,000 minu tes  t o  
add one more c y c l e  t o  a  permanent t i e b a c k  t e s t .  Ex tens ion  of  t h e  t e s t  f o r  
a n  a d d i t i o n a l  l o g  c y c l e  i s  no t  j u s t i f i e d ,  s i n c e  e x c e s s i v e  anchor  c r e e p  
u s u a l l y  i s  a p p a r e n t  e a r l y  i n  t h e  second l o g  c y c l e .  

RECOMMENDED ON-SITE TESTING PROGRAM 

The number of  c r e e p  and performance t e s t s  performed on a  p r o j e c t  depends 
upon whether  t h e  t i e b a c k s  a r e  used f o r  temporary o r  permanent a p p l i c a t i o n s ;  
whether t h e  anchor  i s  i n  rock ,  cohes ive  s o i l ,  o r  c o h e s i o n l e s s  s o i l ;  a n d ,  t h e  
v a r i a b l e  n a t u r e  of t h e  ground. Table 1 8  g i v e s  a n  i n d i c a t i o n  of  t h e  number 
of  c r e e p  and performance t e s t s  t h a t  may be n e c e s s a r y .  The e n g i n e e r  shou ld  
review t h e  ground c o n d i t i o n s ,  and s p e c i f i c a l l y  i d e n t i f y  t h o s e  t i e b a c k s  which 



T a b l e  1 6 .  Creep  t e s t  made on a p o s t g r o u t e d  t i e b a c k  i n s t a l l e d  i n  a  

i n c r e m e n t  u 
s t i f f  c l a y  w i t h  a t r a c e  of f i n e  t o  medium sand .  

B a s i l  Ja.k Load Movemen: O b s e r v a t i o n  p e r i d s  
of a d  1 Lord p r e 8 s u . e  c  I t - 1  i:? 1 Temp. (=in)/ -- 

ipDL- d e a i g n  l o a d )  ( c o n s )  ( p a t )  ' I ( ? )  ( i n c i , e s )  Perm.  i 

( 1 )  T i a  a l i g n m e n t  l o a d .  I t  i s  n o r m d l l y  b e t w e e n  2 a n d  1C p e r c e n t  of t h e  d e s i g n  l o a d  a n d  i t  is m a i n t a i n e d  i n  o r d e r  
18 keep t h e  t e s t i n g  e q u i p m e n t  a l i g n e d .  T h e  a c t u a l  v r ; , ~ .  of t h i s  l o a d  d e p e n d e  u p o n  t h e  t y p e  of t e n d o n  and w e i g h t  
of t h e  l a c k .  

- 6 ( 2 )  p f  - m i c r o s t r a i n s  (10 i n c h e s )  
(3)  1 t o n  - 8 . 9  kh', 1 i n c h  - 25 .4  mm, 1 p s i  - 6 . 9  kPa 



Table 17. Creep test per fo rmeJ  on n postgrouted tieback installed 
i :~  '1 - ; t i f f  c ! n l :  w i t 1 1  trace of  f i n e  tr medium sand .  

( 1 )  - microstrains ( lo- '  inches) 

( 2 )  1 tcn - 8.9 I&. 1 inch - 25.4 mm 
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shou ld  be c r e e p  o r  performance t e s t e d .  I f  t h e  i n s t a l l a t i o n  method i s  
changed o r  modi f i ed  s i g n i f i c a n t l y ,  each  new t i e b a c k  t y p e  shou ld  be c r e e p  o r  
performance t e s t e d .  A l l  t h e  remaining t i e b a c k s  shou ld  be proof t e s t e d .  

Table  18.  Recommended t i e b a c k  t e s t i n g  program. 

Ground c o n d i t i o n s  

Temporary rock  None 

Creep t e s t s  
(number) 

F i r s t  t h r e e  t i e b a c k s  
p l u s  1% of t h e  r e -  
maining ones .  

Performance t e s t s  
(number /percentage)  

None F i r s t  t h r e e  t i e b a c k s  p l u s  
2% of t h e  remaining ones .  

None F i r s t  t h r e e  t i e b a c k s  p l u s  
2 %  of t h e  remaining ones .  

F i r s t  t h r e e  t i e b a c k s  p l u s  
2 %  of t h e  remaining o n e s .  

O c c a s i o n a l l y ,  t i e b a c k s  w i l l  f a i l  t o  p a s s  a  t e s t ,  i n d i c a t i n g  a  
c o n s t r u c t i o n  problem o r  a  change i n  s o i l  t y p e .  I f  s e v e r a l  t i e b a c k s  f a i l  t o  
pass  a  performance o r  c r e e p  t e s t ,  t h e n  t h e  d e s i g n  l o a d  shou ld  be reduced ,  o r  
t h e  i n s t a l l a t i o n  method should  be modi f i ed  o r  changed. Minor m o d i f i c a t i o n s  
such  a s  i n c r e a s i n g  t h e  anchor  l e n g t h ,  t o t a l  t i e b a c k  l e n g t h ,  o r  a d j u s t i n g  t h e  
a n g l e  o f  t h e  t i e b a c k  a r e  v e r y  common. A f t e r  changing o r  a d j u s t i n g  t h e  
i n s t a l l a t i o n  methods ,  then  performance o r  c r e e p  t e s t s  shou ld  be run  i n  
accordance  w i t h  t h e  recommendations i n  Table  18 .  When a  p r o o f - t e s t e d  
t i e b a c k  f a i l s ,  i t s  load-movement cu rve  shou ld  be s t u d i e d  and a  r e v i s e d  
d e s i g n  l o a d  shou ld  be a s s i g n e d  t o  i t .  Any a d d i t i o n a l  c a p a c i t y  r e q u i r e d  
should  be p rov ided  by a d j a c e n t  o r  a d d i t i o n a l  t i e b a c k s .  

F i r s t  two t i e b a c k s  p l u s  
a d d i t i o n a l  groups  of two 
i f  s o i l  c o n d i t i o n s  va ry  
s i g n i f i c a n t l y  over  t h e  
s i t e .  

F i r s t  two t i e b a c k s  p l u s  
a d d i t i o n a l  groups  of two 
i f  s o i l  c o n d i t i o n s  v a r y  
o v e r  t h e  s i t e .  

One of t h e  f i r s t  t h r e e  
t i e b a c k s  p l u s  5% of t h e  
remaining ones .  

One of t h e  f i r s t  t h r e e  
t i e b a c k s  p l u s  10% of t h e  
remaining ones .  



The maximum t e s t  l o a d  may be i n c r e a s e d  above 1.33 t imes  t h e  d e s i g n  
l o a d .  However, i n  sandy o r  g r a v e l l y  s o i l s  and rock  t h e r e  i s  no e n g i n e e r i n g  
reason  f o r  i n c r e a s i n g  t h e  over load .  I n  cohes ive  s o i l s  a  h i g h e r  over load  
w i l l  c a u s e  h i g h e r  c r e e p  movements a t  t h e  t e s t  l o a d ,  and d e l a y  t h e  i n i t i a t i o n  
of c r e e p  a t  t h e  lock-off  l o a d .  Table 1 9  g i v e s  t h e  o v e r l o a d s  recommended by 
t h e  v a r i o u s  s t a n d a r d s .  The w r i t e r  i s  n o t  a x a r e  of any  long-term performance 
problems when t h e  t i e b a c k s  have been proof t e s t e d  t o  1.20 t imes  t h e  d e s i g n  
l o a d ,  and c r e e p  and performance t e s t e d  t o  1 .33  t i m e s  t h e  d e s i g n  l o a d .  When 
i t  i s  n o t  p o s s i b l e  t o  e s t a b l i s h  a n  independent  r e f e r e n c e  p o i n t  t o  measure 
t h e  movement o f  each  t i e b a c k ,  i . e . ,  w a t e r f r o n t  w a l l s ,  some l a n d s l i d e s ,  
r e t a i n i n g  w a l l  r e p a i r s ,  and underground c a v e r n s ,  t h e n  a  maximum t e s t  l o a d  
between 1 5 0  and 200 p e r c e n t  of  t h e  d e s i g n  l o a d  c a n  be used f o r  t h e  c r e e p  
performance t e s t s .  Then t h e  remaining t i e b a c k s  need o n l y  t o  be s t r e s s e d  
locked-of f .  

Table 19.  Tieback t e s t  o v e r l o a d s .  

- 

Tieback type  

Temporary and 
permanent s o i l  
t i e b a c k  

Temporary t i e b a c k  
i n  s o i l  o r  r o c k  

Permanent t i e b a c k s  
i n  s o i l  o r  rock  

. 

Temporary and 
permanent t i e b a c k s  
i n  s o i l  o r  rock  

Temporary t i e b a c k s  
i n  s o i l  o r  r o c k  

and 
and 

I Permanent t i e b a c k s  
i n  s o i l  o r  r o c k  

INTERPRETATION OF TEST RESULTS 

Overload 

1 . 5  

1 . 3  t o  1 . 8  depending 
on r i s k  

1 . 6  t o  2 .0  depending 
on r i s k  

---"---- 

1 . 2 5  t o  1 . 5  

1 . 2  

T y p i c a l  t o t a l  movement, r e s i d u a l  anchor  movement, and c r e e p  c u r v e s  a r e  
shown i n  t h i s  c h a p t e r .  They were p r e s e n t e d  i n  o r d e r  t o  f a m i l i a r i z e  t h e  
r e a d e r  w i t h  c h a r a c t e r i s t i c  c u r v e s  f o r  common t y p e s  of t i e b a c k s ,  and t o  
i l l u s t r a t e  t y p i c a l  behav io r  p a t t e r n s .  The c u r v e s  r e f l e c t  t h e  l o a d  t r a n s f e r  
mechanism f o r  t h e  p a r t i c u l a r  t i e b a c k ,  and t h e y  a r e  h e l p f u l  i n  e v a l u a t i n g  a  
t i e b a c k ' s  a b i l i t y  t o  c a r r y  l o a d .  The magnitude of t h e  t o t a l ,  r e s i d u a l ,  and 
e l a s t i c  movements by themselves  a r e  n o t  s i g n i f i c a n t  i n  d e t e r m i n i n g  t h e  
adequacy of  a  t i e b a c k .  They r e p r e s e n t  t h e  t i e b a c k ' s  r e sponse  t o  a n  a p p l i e d  
l o a d .  They c a n  be used t o  compare t h e  t i e b a c k ' s  behav io r  t o  o t h e r  t e s t s  a t  

Source  

Germany [ 5 5 ]  [56]  

S w i t z e r l a n d  [57]  

S w i t z e r l a n d  [57]  

United S t a t e s  
[ 59 1 -- 

France  [ 5 3 ]  
FIP 1581 

1.3 France  [ 5 3 ]  
FIP [58]  



t h e  s i t e  o r  t e s t s  i n  similar s o i l s ,  and  t o  v e r i f y  t h a t  t h e  a n c h o r  i s  l o c a t e d  
beyond t h e  c r i t i c a l  f a i l u r e  s u r f a c e .  The movement o f  t h e  t i e b a c k  d u r i n g  t h e  
l o a d  h o l d  i s  v e r y  s i g n i f i c a n t ,  s i n c e  i t  i s  used  t o  e v a l u a t e  t h e  long- t e rm 
l o a d  h o l d i n g  a b i l i t y  o f  t h e  t i e b a c k .  

Loss  o f  t i e b a c k  l o a d  w i t h  t i m e  may be c a u s e d  by a n c h o r  c r e e p ,  debonding  
o f  t h e  t e n d o n ,  t e n d o n  r e l a x a t i o n ,  and s t r u c t u r a l  d e f o r m a t i o n s .  Some 
u n d e r s t a n d i n g  o f  t h e s e  mechanisms i s  n e c e s s a r y  i n  o r d e r  t o  e v a l u a t e  t h e  
c r e e p  t e s t  r e s u l t s .  

Anchor c r e e p  i s  d e f i n e d  as t h e  s l o w  movement o f  t h e  a n c h o r  t h r o u g h  t h e  
s o i l  u n d e r  c o n s t a n t  l o a d .  A s  d i s c u s s e d  i n  Chap te r  9 ,  t h i s  movement may 
r e s u l t  f rom c o n s o l i d a t i o n  a n d / o r  c r e e p .  Anchor r e l a x a t i o n  i s  d e f i n e d  a s  a  
s l o w  change  i n  t i e b a c k  l o a d  r e s u l t i n g  from movement o f  t h e  a n c h o r  th rough  
t h e  s o i l .  Anchor c r e e p  i s  o b s e r v e d  d u r i n g  a  c o n s t a n t - l o a d  t e s t ,  and a n c h o r  
r e l a x a t i o n  i s  o b s e r v e d  d u r i n g  m o n i t o r i n g  a f t e r  t h e  l o a d  h a s  been  locked-o f f  
i n  t h e  t i e b a c k .  A t  p r e s e n t ,  t h e r e  i s  n o t  a  comple t e  u n d e r s t a n d i n g  o f  t h e  
mechanism t h a t  c a u s e s  a n  a n c h o r  t o  s l o w l y  move t h r o u g h  t h e  s o i l .  Expe r i ence  
h a s  shown t h a t  t i e b a c k s  i n s t a l l e d  i n  r o c k  and c o h e s i o n l e s s  s o i l s  a r e  n o t  
s u b j e c t  t o  s i g n i f i c a n t  a n c h o r  movements w i t h  t i m e .  However, t i e b a c k s  
i n s t a l l e d  i n  some c o h e s i v e  s o i l s  may e x p e r i e n c e  a n c h o r  movements and  l o s s  o f  
l o a d  w i t h  t i m e .  

The t e n d o n  g r o u t  bond may d e g r a d e  w i t h  t i m e  d u r i n g  t h e  t e s t i n g  o f  a  
t i e b a c k .  The complex b e h a v i o r  o f  t h e  g r o u t  body s u r r o u n d i n g  t h e  t e n d o n  i s  
d i f f i c u l t  t o  p r e d i c t  because  i t  i s  a  f u n c t i o n  o f :  

1 )  Type o f  p r e s t r e s s i n g  s t e e l .  ( B a r s  d e v e l o p  bond by m e c h a n i c a l  
i n t e r l o c k  a l o n g  t h e  d e f o r m a t i o n s ,  wire d e v e l o p s  bond by a d h e s i o n  
and s t r a n d s  d e v e l o p  bond by a  c o m b i n a t i o n  o f  b o t h  mechanisms.)  

2 )  Amount o f  g r o u t  s u r r o u n d i n g  t h e  t endon .  
3 )  Method u s e d  t o  d r i l l  and c l e a n  t h e  d r i l l  h o l e .  
4 )  Type and s t r e n g t h  o f  t h e  g r o u t ,  i . e . ,  cement g r o u t ,  sand-cement 

g r o u t ,  c o n c r e t e ,  and  p o l y e s t e r  r e s i n s .  
5 )  G r o u t i n g  method,  i . e . ,  t r e m i e ,  low p r e s s u r e ,  and h i g h  p r e s s u r e .  
6 )  R a d i a l  r e s t r a i n t  o f  t h e  g round ,  i . e . ,  r a d i a l  s h e a r  o r  c o n f i n e m e n t .  
7 )  L e v e l  o f  s t r e s s  i n  t h e  t endon .  

When a  p o r t l a n d  cement g r o u t ,  sand-cement g r o u t ,  o r  c o n c r e t e  i s  s t r e s s e d  
c l o s e  t o  i t s  u l t i m a t e  s t r e n g t h ,  i t  n o r m a l l y  w i l l  f a i l  w i t h  t i m e .  Because o f  
t h e  complex stresses induced  i n  t h e  g r o u t  a round  a t i e b a c k  and t h e  g r a d a t i o n  
o f  s t r e s s e s  a l o n g  t h e  a n c h o r  l e n g t h ,  i t  i s  p o s s i b l e  t o  have  p r o g r e s s i v e  bond 
d e t e r i o r a t i o n  u n t i l  a  p o i n t  o f  s t a b i l i t y  i s  reached .  C o n s i d e r i n g  t h e  
v a r i o u s  f a c t o r s  l i s t e d  above  and t h e  v a r i a t i o n  t h a t  e x i s t s  from t i e b a c k  t o  
t i e b a c k ,  bond d e g r a d a t i o n  w i t h  t i m e  may be o b s e r v e d  d u r i n g  t h e  t e s t i n g  o f  a  
t i e b a c k .  Bond d e g r a d a t i o n  o r  debonding  may m a n i f e s t  i t s e l f  by sudden  jumps 
i n  movement d u r i n g  a c o n s t a n t  l o a d  h o l d .  F i g u r e  107  shows a  c r e e p  c u r v e  
(60 t o n  c u r v e )  where  bond d e g r a d a t i o n  p r o b a b l y  caused  a  sudden i n c r e a s e  i n  
c r e e p  movement, and  t h e  t r a n s f e r  o f  l o a d  f a r t h e r  down t h e  a n c h o r  l e n g t h .  
The s l o p e  o f  t h e  c r e e p  c u r v e  i s  a p p r o x i m a t e l y  e q u a l  b e f o r e  and  a f t e r  t h e  
jump. C y c l i c a l l y  i n c r e m e n t i n g  t h e  t e s t  l o a d  w i l l  c a u s e  t h e  bond d e g r a d a t i o n  
t o  o c c u r  d u r i n g  l o a d i n g ,  and bond d e g r a d a t i o n  w i l l  n o r m a l l y  n o t  be o b s e r v e d  
d u r i n g  a  t e s t .  



The c r e e p  o r  r e l a x a t i o n  i n  t h e  p r e s t r e s s i n g  s t e e l  t e n d o n  w i l l  a f f e c t  t h e  
t i e b a c k  c r e e p  movements d u r i n g  t e s t i n g  and t h e  l o s s  o f  l o a d  a f t e r  l o c k - o f f .  
P r e s t r e s s i n g  s t e e l s  c r e e p  unde r  c o n s t a n t  l o a d  o r  r e l a x  ( l o s e  l o a d )  a t  a  
c o n s t a n t  l e n g t h .  Most a v a i l a b l e  i n f o r m a t i o n  on t ime-dependent  b e h a v i o r  o f  
p r e s t r e s s i n g  s t e e l  d e a l s  w i t h  r e l a x a t i o n .  Creep i n f o r m a t i o n  i s  l i m i t e d ,  b u t  
t h e  i n d i c a t i o n s  a r e  t h a t  t h e  p e r c e n t a g e  o f  c r e e p  and r e l a x a t i o n  a r e  
a p p r o x i m a t e l y  t h e  same. The amount o f  s t e e l  c r e e p  obse rved  d u r i n g  a  t e s t  i s  
a  f u n c t i o n  o f  t h e  s t r e s s  l e v e l ,  d u r a t i o n  o f  t e s t ,  t h e  unbonded l e n g t h ,  and 
t h e  t e n d o n  t y p e .  Tab le  20 g i v e s  t y p i c a l  r e l a x a t i o n  p e r c e n t a g e s  f o r  v a r i o u s  
t endon  t y p e s .  The s t r e s s  l e v e l  used  i n  d e v e l o p i n g  t h e  t a b l e  was 70 p e r c e n t  
o f  t h e  u l t i m a t e  s t r e n g t h ,  and t h e  s t e e l  t e m p e r a t u r e  was 68O F  (20° C ) .  
Using t h e  r e l a x a t i o n  d a t a  i n  Tab le  20 ,  l o a d  l o s s  and c r e e p  movements c a n  be 
e s t i m a t e d  f o r  b a r  and  s t r a n d  t i e b a c k s .  Tab le  21 summarizes t h e s e  e s t i m a t e d  
v a l u e s  f o r  a  20 f o o t  ( 6 . 1  m) and a  30 f o o t  (9 .15  m) unbonded l e n g t h .  It i s  
c l e a r  t h a t  t h e  unbonded l e n g t h ,  t endon  t y p e ,  and d u r a t i o n  o f  l o a d  i n c r e m e n t  
s i g n i f i c a n t l y  i n f l u e n c e s  t h e  c r e e p  and r e l a x a t i o n  b e h a v i o r  o f  t h e  t e n d o n s .  
The a l l o w a b l e  c r e e p  movements g i v e n  f o r  t h e  pe r fo rmance ,  p r o o f ,  and  c r e e p  
t e s t s ,  assumes  t h a t  t h e  measured movements have  been  c o r r e c t e d  f o r  c r e e p  i n  
t h e  s t e e l .  

T a b l e  20. P e r c e n t a g e  l o a d  l o s s  r e s u l t i n g  f rom t h e  t i m e  dependen t  s t r e s s  
r e l a x a t i o n  o f  t h e  p r e s t r e s s i n g  s t e e l s  ( i n i t i a l  l o a d  = 70 % 
u l t i m a t e  s t r e n g t h  a t  a  t e m p e r a t u r e  o f  68OF [20°C]) .  

- -- r Tendon Percentage Lodd Loss 

/ Low Relaxation 1 0.09 1 0.20 / 0.40 1 0.65 1 0.95 1 1.10 1 4 I 

Pre-straightened Wire 

Zormal Relaxation 

Tiedback  s t r u c t u r e s  move i n  r e s p o n s e  t o  t h e  a p p l i e d  t i e b a c k  l o a d .  
Normally t h e  l o a d  c a u s e s  t h e  s t r u c t u r e  t o  be  p u l l e d  towards  t h e  a n c h o r .  A s  
t h e  s t r u c t u r e  moves, t h e  unbonded l e n g t h  i s  s h o r t e n e d ,  and a  c o r r e s p o n d i n g  
l o a d  r e d u c t i o n  o c c u r s .  The magni tude  o f  t h e  l o a d  r e d u c t i o n  depends  upon t h e  
unbonded l e n g t h ,  t e n d o n  t y p e ,  and  t h e  amount o f  movement. For  example ,  a  
0.25 i n c h  (6.4 mm) movement i n  a  1 1 / 4  i n c h  (32 mm) b a r  t e n d o n  w i t h  a n  
u l t i m a t e  c a p a c i t y  o f  187.5  k i p s  (834.4 kN) and a  20 f o o t  ( 6 . 1  m) unbonded 
l e n g t h  would r e s u l t  i n  a  37.8 k i p  (168.2 kN) l o s s  o f  l o a d .  A 0.25 i n c h  
(6 .4  mm) movement i n  a 4  - 0 .5  i n c h  (12.7 m )  s t r a n d  t e n d o n  w i t h  a n  u l t i m a t e  
c a p a c i t y  o f  165.2  k i p s  (735.1 kN) and a  20 f o o t  (6 .1  m) unbonded l e n g t h  
would r e s u l t  i n  17 .85  k i p  (79.4 kN) l o s s  o f  l o a d .  
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Table 21. Es t ima ted  t i e b a c k  c r e e p  movement and l o a d  l o s s  r e s u l t i n g  from 
c r e e p  of  t h e  p r e s t r e s s i n g  s t e e l .  ( I n i t i a l  l o a d  = 70% of 
u l t i m a t e  s t r e n g t h ,  t e m p e r a t u r e  = 68OF [20°C],  unbonded 
l e n g t h  = 20 f t  16.1 m ] ) .  

I Tendon Type 
i I 

350,400 (40 y e a r s )  1 0.0520 / 7.86 1 0.1943 1 17.34 I 

1% i n c h  (32 rnm) 
Bar ( u l t .  cap.  = 1 8 7 . 5  k i p s )  Time 

1 i n c h  = 25.4 mm 1 k i p  = 4.45 k.N 

5  - 0 . 5  i n c h  (12.7 mrn) 
S t r a n d s  ( u l t .  cap.  = 206.5 k i p s )  

F i g u r e  105  shows t h e  t h r e e  c h a r a c t e r i s t i c  t y p e s  of  c r e e p  c u r v e s  observed 
d u r i n g  a  t e s t .  These c u r v e s  a r e  s i m i l a r  t o  t h e  l a b o r a t o r y  c r e e p  c u r v e s  
d e s c r i b e d  i n  Chapter  9. Curves ( a )  and ( b )  i n d i c a t e d  a n  a c c e p t a b l e  
b e h a v i o r ,  a s  l o n g  a s  t h e  c r e e p  movement e s t i m a t e d  by p r o j e c t i n g  t h e  d e s i g n  
l o a d  c r e e p  r a t e  o v e r  t h e  l i f e  of t h e  s t r u c t u r e ,  i s  n o t  e x c e s s i v e .  A c r e e p  
r a t e  of 0.08 i n c h e s  (2.0 mm) p e r  decade would produce a  c r e e p  movement of 
approx imate ly  0.5 i n c h e s  (12.7 mm) d u r i n g  50 y e a r s .  Curve ( c )  i n d i c a t e s  
t h a t  t h e  t i e b a c k  would c o n t i n u e  t o  c r e e p  u n t i l  i t  f a i l e d .  I n  t h e  r e g i o n  
between c u r v e  ( b )  and ( c ) ,  i t  i s  p o s s i b l e  t o  have a  c r e e p  curve  which would 
c u r v e  g r a d u a l l y  upward a t  t h e  maximum l o a d .  Th i s  t i e b a c k  cou ld  be a c c e p t e d  
i f  t h e  c r e e p  c u r v e  f o r  t h e  d e s i g n  l o a d  i s  s i m i l a r  t o  e i t h e r  cu rve  ( a )  and 
( b ) ,  and t h e  e s t i m a t e d  c r e e p  movements would n o t  c a u s e  damage t o  t h e  
s t r u c t u r e .  
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Figure  105. C h a r a c t e r i s t i c  c r e e p  c u r v e s .  

A .  P r e s s u r e  I n j e c t e d  and Pos tg rou ted  Tiebacks  

The v a r i o u s  t i e b a c k  s t a n d a r d s  and recommendations, [ 5 3 ] ,  [ 5 5 ] ,  [ 5 6 ] ,  
[ 5 7 ] ,  [ 5 8 ] ,  and [ 5 9 ] ,  were developed f o r  p r e s s u r e  i n j e c t e d  and pos tg rou ted  
s t r a i g h t - s h a f t e d  t i e b a c k s .  Each one of t h e s e  s t a n d a r d s  u s e s  a n  a l l o w a b l e  
c r e e p  r a t e  t o  de te rmine  t h e  a c c e p t a b i l i t y  of t h e  t i e b a c k .  I n  a d d i t i o n ,  some 
s t a n d a r d s  r e q u i r e  t h e  measured e l a s t i c  movements t o  be w i t h i n  a  s p e c i f i e d  
range.  F igure  106 shows p l o t s  of t h e  c r e e p  c r i t e r i a  used i n  t h e s e  
s t a n d a r d s .  The Swiss Standard [57]  u s e s  a  d i f f e r e n t  c r i t e r i a  f o r  
c o h e s i o n l e s s  and cohes ive  s o i l s ,  w h i l e  t h e  o t h e r  s t a n d a r d s  propose t h e  same 
c r i t e r i a  f o r  a l l  t i e b a c k s .  The French Recommendations [53]  a l l o w  f o r  c r e e p  
i n  t h e  s t e e l ,  and t h e  c r e e p  c r i t e r i a  f o r  t h e  Swiss Standard [ 5 7 ]  and t h e  
French Recommendations [53]  i s  a  f u n c t i o n  of t h e  unbonded l e n g t h  and t h e  
tendon type .  The German Standard [56]  u s e s  a  s i n g l e  c r e e p  r a t e  r e g a r d l e s s  
o f  tendon t y p e ,  l e n g t h ,  o r  s o i l  type .  

The c u r v e s  i n  F igure  106 a l s o  show t h a t  t h e  a l l o w a b l e  c r e e p  r a t e s  f o r  
t h e  shor t - term French and German t e s t s  a r e  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  
c r e e p  r a t e s  f o r  t h e i r  r e s p e c t i v e  long-term t e s t s .  Th i s  d i f f e r e n c e  probably  
r e s u l t s  from t h e  l o a d i n g  sequences  used f o r  t h e  d i f f e r e n t  t e s t s .  Only t h e  
maximum l o a d  i n  t h e  shor t - t e rm t e s t  i s  h e l d ,  w h i l e  e a c h  increment  i s  h e l d  i n  
t h e  long-term t e s t .  The l o a d i n g  h i s t o r y  impar ted d u r i n g  t h e  l o a d  h o l d s  a t  
lower l o a d s  reduces  t h e  c r e e p  r a t e  a t  t h e  maximum l o a d  i n  t h e  long-term t e s t .  

F igure  100 shows a  t y p i c a l  performance t e s t  made on a  p r e s s u r e - i n j e c t e d  
t i e b a c k  i n  a  d e n s e ,  f i n e  t o  medium sand. The t o t a l  movement curve  i s  
p r i m a r i l y  e l a s t i c  and very  s m a l l  r e s i d u a l  anchor  movements a r e  measured.  
These smal l  r e s i d u a l  anchor  movements i n d i c a t e  t h a t  l i t t l e  movement i s  
r e q u i r e d  t o  m o b i l i z e  t h e  s k i n  f r i c t i o n  a long  t h e  anchor .  The amount o f  
r e s i d u a l  anchor  movement r e f l e c t s  t h e  s t i f f n e s s  o f  t h e  t i e b a c k - s o i l  system. 
I f  a  p r e s s u r e - i n j e c t e d  t i e b a c k  i s  i n s t a l l e d  i n  a  medium dense  sand,  t h e n  t h e  
r e s i d u a l  anchor  movement would be g r e a t e r  t h a n  t h a t  shown i n  F igure  100. 

The w r i t e r  d o e s  n o t  recommend performing c r e e p  t e s t s  on 
p r e s s u r e - i n j e c t e d  t i e b a c k s  i n  sandy o r  g r a v e l l y  s o i l s  because:  

1) Creep r u p t u r e  i s  n o t  observed i n  c o h e s i o n l e s s  s o i l s  a t  s t r e s s  
l e v e l s  s i g n i f i c a n t l y  below t h e i r  u l t i m a t e  s t r e n g t h .  





Tieback l o a d  t e s t  f a i l u r e s  a r e  immediate ly  a p p a r e n t  d u r i n g  t e s t i n g  
i f  t h e  t i e b a c k  i s  i n s t a l l e d  i n  c o h e s i o n l e s s  s o i l .  Ostermayer [ l l ] ,  
Bernath ,  e t  a 1  [ 1 1 9 ] ,  and Gandais and Delmas [ I171 have a l l  
r e p o r t e d  t h a t  p r e s s u r e  i n j e c t e d  and p o s t g r o u t e d  t i e b a c k s  i n  
c o h e s i o n l e s s  s o i l s  have a  c r e e p  r a t e  of  l e s s  t h a n  0.04 i n c h e s  
( 1  mm) p e r  decade o f  t ime  u n t i l  t h e  u l t i m a t e  l o a d  i s  a p p l i e d .  
These c r e e p  r a t e s  i n c l u d e  t h e  c r e e p  of  t h e  s t e e l  which i s  more 
s i g n i f i c a n t  t h a n  t h e  c r e e p  movement o f  t h e  anchor .  The w r i t e r ,  
t o o ,  h a s  observed t h a t  t h e  f a i l u r e  l o a d  f o r  p r e s s u r e - i n j e c t e d  
t i e b a c k s  i n  sandy and g r a v e l l y  s o i l s  i s  a  we l l -de f ined  l o a d ,  and 
t h e  c r e e p  r a t e  i s  l e s s  than  0.04 i n c h e s  ( 1  mm) p e r  decade a t  e a c h  
l o a d ,  inc rement  b e f o r e  f a i l u r e  and i t  exceeds  0.04 i n c h e s  ( 1  mm) 
p e r  decade a t  t h e  f a i l u r e  l o a d .  

Creep t e s t s  a r e  recommended f o r  p o s t g r o u t e d  t i e b a c k s  i n  c o h e s i v e  s o i l s .  
F igures  103  and 104 show a  performance t e s t  and c r e e p  t e s t  f o r  a  p o s t g r o u t e d  
t i e b a c k  i n s t a l l e d  i n  a  s t i f f  c l a y  w i t h  a  t r a c e  of  f i n e  t o  medium sand.  T h i s  
c r e e p  t e s t  was n o t  performed e x a c t l y  i n  accordance  w i t h  t h e  recommendations 
made i n  t h i s  c h a p t e r .  The c l a y  had a  n a t u r a l  m o i s t u r e  c o n t e n t  of 30 
p e r c e n t ,  and a  l i q u i d  l i m i ~  and p l a s t i c i t y  i n d e x  of  60 and 32 r e s p e c t i v e l y .  
The c r e e p  r a t e  a t  t h e  maximum increment  was e q u a l  t o  a b o u t  0.075 i n c h e s  
(1.9 mm) p e r  decade which i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  c r e e p  r a t e s  
observed d u r i n g  t h e  t e s t i n g  of  t i e b a c k s  i n s t a l l e d  i n  s a n d .  A s i g n i f i c a n t l y  
h i g h e r  c r e e p  r a t e  i n  c l a y  i s  t o  be expec ted  s i n c e  t h e  s t r e s s - s t r a i n  behav io r  
of  a  c l a y  i s  d i f f e r e n t  from t h a t  of a  s a n d ,  and t h e  e l a s t i c  modulus o f  a 
s t i f f  t o  ha rd  c l a y  i s  abou t  one t e n t h  t h a t  of  a  dense  sand [120] .  

The c r e e p  c u r v e  f o r  t h e  maximum l o a d  i n  F igure  104 changes  s l o p e  a t  
abou t  30 m i n u t e s .  It i s  l i k e l y  t h a t  t h e  s t e e p e r  s l o p e  i s  more 
r e p r e s e n t a t i v e  o f  t h e  c r e e p  r a t e  f o r  t h e  a p p l i e d  l o a d  s i n c e  t h e  c r e e p  d u r i n g  
t h e  f i r s t  25 minu tes  may have been a f f e c t e d  by t h e  p r e v i o u s  l o a d i n g  
inc rements  . 

Figure  107  shows c r e e p  c u r v e s  f o r  a  p o s t g r o u t e d  t i e b a c k  i n s t a l l e d  i n  a 
s t i f f  t o  v e r y  s t i f f  s i l t y  c l a y  w i t h  a n  unconf ined  compress ion s t r e n g t h  of  
between 2 ,000  and 3 ,000 psf (96 and 144 k P a ) ,  a  n a t u r a l  w a t e r  c o n t e n t  
between 1 8  and 21 p e r c e n t ,  a  p l a s t i c  l i m i t  between 17  and 21, and a  
p l a s t i c i t y  i n d e x  between 25 and 32. The t i e b a c k  whose c r e e p  c u r v e s  a r e  
shown i n  F igure  104 had a  c r e e p  r a t e  a b o u t  3  t i m e s  a s  l a r g e  a s  t h e  t i e b a c k  
shown i n  F igure  107.  T h i s  i s  n o t  unusua l  i n  c o h e s i v e  s o i l s ,  and i t  i s  
p o s s i b l e  t h a t  c r e e p  r a t e s  g r e a t e r  than  0.08 i n c h e s  (2 m m )  p e r  decade may be 
a c c e p t a b l e  f o r  t i e b a c k s  i n  c o h e s i v e  s o i l s .  A t  f a i l u r e ,  t h e  c r e e p  c u r v e  f o r  a  
pos tg rou ted  t i e b a c k  w i l l  be s i m i l a r  t o  t h e  45 t o n  (400.5 kN) c r e e p  curve  
shown i n  F igure  108.  Th i s  t i e b a c k  was i n s t a l l e d  i n  a  s o f t  t o  medium c l a y e y  
s i l t  w i t h  a  c o h e s i o n  of  750 psf (36 k P a ) ,  a n  a n g l e  of i n t e r n a l  f r i c t i o n  of  
1 5  d e g r e e s ,  a  n a t u r a l  w a t e r  c o n t e n t  between 17  and 23 p e r c e n t ,  a  p l a s t i c  
l i m i t  of 13 .8 ,  and a  p l a s t i c i t y  i n d e x  of  12.2.  The c r e e p  c u r v e  f o r  t h e  40 
t o n  (356 kN) l o a d  was l i n e a r  which i n d i c a t e s  t h a t  f a i l u r e  o c c u r r e d  a t  a  
we l l -de f ined  l o a d .  

B .  Sinale-Underreamed Tiebacks  

Single-underreamed t i e b a c k s  deve lop  t h e i r  l o a d  c a r r y i n g  c a p a c i t y  by s k i n  
f r i c t i o n  a l o n g  t h e  s h a f t  and b e a r i n g  on t h e  b e l l .  F igure  109 shows a  
performance t e s t  which c l e a r l y  shows t h i s  l o a d  t r a n s f e r  mechanism. The 
t i e b a c k  was i n s t a l l e d  i n  a  s t i f f  micac ious  c l a y e y  s i l t  which was d e r i v e d  



1: 0.05 inches  

Time (minutes) 

Note: 1  inch = 2 5 . 4  mm, 1 ton = 8 . 9  kN 

Figure 107. Creep t e s t  performed on a  postgrouted tieback i n s t a l l e d  i n  a  
s t i f f  t o  very s t i f f  s i l t y  c l a y .  

Time (minutes) 

Note: 1  inch  - 2 5 . 4  mm, 1 ton = 8 . 9  kN 

Figure 108.  Creep t e s t s  performed on a  postgrouted t i eback  i n s t a l l e d  
i n  a s o f t  t o  medium c l a y e y  s i l t .  





from t h e  w e a t h e r i n g  of  a  mica s c h i s t .  The t o t a l  movement cu rve  and t h e  
r e s i d u a l  anchor  movement cu rve  show t h a t  t h e  s h a f t  above t h e  underream 
c a r r i e d  most of t h e  l o a d  up t o  30 t o n s  ( 2 6 7  kN). When t h e  load  was 
i n c r e a s e d  t o  41.5 t o n s  (369.4 kN),  t h e n  t h e  underream began t o  c a r r y  l o a d ,  
and l a r g e  anchor  movements were r e q u i r e d  t o  deve lop  t h e  b e a r i n g  c a p a c i t y  of  
t h e  underream. The l a r g e  r e s i d u a l  anchor  movements observed c o u l d ,  i n  p a r t ,  
have been a  r e s u l t  of  t h e  method used t o  p l a c e  t h e  anchor  c o n c r e t e .  This  
t i e b a c k  was made by pour ing c o n c r e t e  down t h e  s h a f t  and i n t o  t h e  underream. 
This  method does  n o t  a s s u r e  b e a r i n g  of  t h e  b e l l ,  and some anchor  movement 
would be expec ted  j u s t  t o  deve lop  i n t i m a t e  c o n t a c t  between t h e  s o i l  and t h e  
c o n c r e t e  . 

Figure  110 shows t h e  r e s u l t  of  a  c r e e p  t e s t  performed on a  
s ingle-underreamed t i e b a c k  i n  a  ha rd  t o  v e r y  hard  c l a y  w i t h  a  s t a n d a r d  
p e n e t r a t i o n  r e s i s t a n c e  between 60 and 75 blows p e r  f o o t .  The c r e e p  c u r v e s  
f o r  t h e  f i r s t  f i v e  load  i n c r e m e n t s  a r e  approx imate ly  s t r a i g h t  l i n e s  w i t h  a  
low c r e e p  r a t e .  These c u r v e s  a r e  s i m i l a r  t o  c u r v e s  f o r  a  s t r a i g h t - s h a f t e d  
t i e b a c k  and t h e  r e s i d u a l  anchor  movement f o r  t h e  f i r s t  f i v e  inc rements  
i n d i c a t e s  t h a t  l o a d  was c a r r i e d  p r i m a r i l y  by t h e  s h a f t .  The c r e e p  c u r v e  f o r  
t h e  72 t o n  (640.8 kN) increment  i s  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  o t h e r  
c u r v e s .  The 72 t o n  (640.8 kN) curve  i s  s i m i l a r  t o  a  c o n s o l i d a t i o n  curve .  
Model t e s t s  d i s c u s s e d  i n  Chapter 9 a l s o  showed a  c o n s o l i d a t i o n  t y p e  c r e e p  
curve .  

C. Laree  Diameter S t r a i g h t - S h a f t e d  Tiebacks  

Augered t i e b a c k s  a r e  commonly used i n  c o h e s i v e  s o i l s .  F i g u r e  111 shows 
a  performance t e s t  f o r  a  hollow-stem-augered t i e b a c k  i n s t a l l e d  i n  a n  
i n t e r b e d d e d  s t i f f  s i l t y  c l a y ,  and s i l t y  sand .  The maximum l o a d  
(88 t o n s  [783.2 kN]) d u r i n g  t h i s  performance t e s t  was h e l d  f o r  s l x t y  
m i n u t e s ,  and F igure  112 shows t h e  c r e e p  c u r v e .  The e l a s t i c  movement of  t h i s  
t i e b a c k  a lmos t  equa led  t h e  c a l c u l a t e d  e l a s t i c  e l o n g a t i o n  of t h e  e n t i r e  
tendon. T h i s  means t h a t  t h e  end of  t h e  t i e b a c k s  p robab ly  moved th rough  t h e  
s o i l .  Th i s  f a c t  d o e s  not  i n d i c a t e  f a i l u r e  a s  t h e  c r e e p  c u r v e  c l e a r l y  shows. 

F i g u r e  113  shows a proof  t e s t  and a  c r e e p  t e s t  f o r  a n o t h e r  
hollow-stem-augered t i e b a c k  i n s t a l l e d  a t  t h e  same s i t e .  This  t i e b a c k  f a i l e d  
d u r i n g  t h e  l o a d  ho ld  and a  h i g h  c r e e p  r a t e  was a p p a r e n t  d u r i n g  t h e  f i r s t  1 0  
minu tes  of  t h e  t e s t .  

LONG-TERM M O N I T O R I N G  

The 
changes 
Monitor 

long-term performance of  a  t i e b a c k  c a n  be e v a l u a t e d  by moni to r ing  
i n  t h e  t i e b a c k  l o a d ,  and d e f o r m a t i o n s  of t h e  t i e d b a c k  s t r u c t u r e .  

i n g  i n c l u d e s :  

1 )  The measurement of  t i e b a c k  l o a d  by l i f t i n g - o f f  t h e  anchor  head o r  
n u t ,  o r  by l o a d  c e l l s .  

2 )  The o b s e r v a t i o n  o f  s t r u c t u r a l  d e f o r m a t i o n  by v i s u a l  checks ,  o p t i c a l  
s u r v e y s ,  e x t e n s o m e t e r s ,  o r  s l o p e  i n d i c a t o r s .  

L i f t - o f f  t e s t s  c a n  be used t o  v e r i f y  t h a t  t h e  l o a d  locked-off  i n  t h e  
t i e b a c k  h a s  n o t  changed s u b s t a n t i a l l y .  Normally, t h e  l o a d  w i l l  be reduced 
s l i g h t l y  a s  a  r e s u l t  of  tendon r e l a x a t i o n ,  anchor  r e l a x a t i o n ,  and movement 





T e s t  l o a d  ( t o n s )  
0 20 4 0 60 80 100 

a )  T o t a l  movement c u r v e  

T e s t  l o a d  ( t o n s )  
0 20 4 0 6 0 80 100 

0 

b) R e s i d u a l  anchor  movement c u r v e  

Tieback d a t a  - 

Lengths  : S h a f t  d i a m e t e r  = 12 i n c h e s  

= 55 f t .  (16.8  m )  
Tendon : 

Unbonded = 1 8  f t .  (5 .5  m )  6 - 0 . 5  i n c h e s  s t r a n d s  

Anchor = 37 f t .  (11 .3  m) 

J a c k i n g  = 5 f t . (1 .5  n) 

Note: 1 t o n  = 8.9 kN 
1 p s i  = 6.9 kPa 

Grout ing:  
2 yd3 

1 i n c h  = 25.4 mm 
1 cu .  yd.  = 0.765 m3 

F igure  111. Performance t e s t  made on a hollow-stem-augered t i e b a c k  
i n s t a l l e d  i n  a n  i n t e r b e d d e d  s t i f f  s i l t y  c l a y ,  and s i l t y  
sand .  
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Time (minutes)  

Note: 1 i n .  = 25 .4  mm, 1 t o n  = 8 . 9  kN 

Figure  112.  Creep curve  f o r  a n  88 t o n  (783 kN) l o a d  a p p l i e d  t o  a  
hollow-stem-augered t i e b a c k  i n s t a l l e d  i n  a n  i n t e r b e d d e d  
s t i f f  s i l t y  c l a y ,  and s i l t y  sand .  

o f  t h e  s t r u c t u r e .  I n  o r d e r  t o  perform t h e  t e s t ,  t h e  l o a d  locked-off  i n  t h e  
t i e b a c k  shou ld  be checked immediate ly  a f t e r  l o c k - o f f .  Th i s  i s  done by 
r e c o r d i n g  t h e  l o a d  r e q u i r e d  t o  l i f t  t h e  anchor  head o r  n u t  from t h e  b e a r i n g  
p l a t e .  One t o  t h r e e  days  l a t e r  a  l i f t - o f f  t e s t  c a n  be  performed by 
r e i n s t a l l i n g  t h e  h y d r a u l i c  j ack  and r e c o r d i n g  t h e  l o a d  r e q u i r e d  t o  l i f t - o f f  
t h e  anchorage.  The h y d r a u l i c  j a c k  shou ld  n o t  be used t o  c o n t i n u o u s l y  
moni tor  t h e  l o a d .  O i l  seepage and t empera tu re  w i l l  a f f e c t  t h e  o i l  p r e s s u r e  
i n  t h e  j a c k  and make i t  i m p o s s i b l e  t o  a c c u r a t e l y  moni to r  t h e  l o a d .  The 
movement o f  t h e  s t r u c t u r e  must be known i n  o r d e r  t o  i n t e r p r e t  t h e  r e s u l t s  of  
l i f t - o f f  t e s t s .  I f  t h e  s t r u c t u r a l  movements a r e  s m a l l ,  a  t e n  p e r c e n t  
r e d u c t i o n  i n  l o a d  i s  n o t  unreasonab le  d u r i n g  t h e  i n i t i a l  3 days .  I f  t h e  
anchorage remains  a c c e s s i b l e ,  l i f t - o f f  t e s t s  can  be performed any  t ime  
d u r i n g  t h e  l i f e  o f  t h e  s t r u c t u r e .  

Load c e l l s  c a n  be permanent ly  i n s t a l l e d  t o  measure t h e  l o a d  i n  a  
t i e b a c k .  I n  t h e  United S t a t e s ,  e l e c t r i c a l  r e s i s t a n c e  l o a d  c e l l s  a r e  
g e n e r a l l y  u s e d .  There a r e  a  v a r i e t y  of l o a d  c e l l s  manufactured f o r  t h e  
purpose of  m o n i t o r i n g  rock  b o l t s  and t i e b a c k s .  These i n s t r u m e n t s  may n o t  be 
s t a b l e  over  a p e r i o d  o f  y e a r s  b u t  t h i s  i s  n o t  c r i t i c a l  s i n c e  t h e  most 
meaningful  m o n i t o r i n g  i s  done d u r i n g  t h e  f i r s t  y e a r  a f t e r  i n s t a l l a t i o n .  
Load c e l l s  c a n  be encased  i n  c o n c r e t e  and t h e y  c a n  be remote ly  r e a d  u s i n g  a  
s imple  l i g h t - w e i g h t  s t r a i n  i n d i c a t o r .  

The s t r u c t u r a l  movements i n  r esponse  t o  t h e  t i e b a c k  l o a d  must be 
a c c u r a t e l y  measured i f  l o a d  measurement d a t a  i s  t o  be a n a l y z e d .  
Extensometers  anchored behind t h e  anchor  zone,  i n c l i n o m e t e r ,  and o p t i c a l  
s u r v e y s  can  be used t o  moni to r  t h e  movement of  t h e  s t r u c t u r e .  

Permanent t i e b a c k s  i n s t a l l e d  i n  c o h e s i v e  s o i l s  shou ld  be moni to red .  The 
e x t e n t  of  t h e  m o n i t o r i n g  program w i l l  depend on t h e  v a r i a b i l i t y  of  t h e  



T e s t  l o a d  ( t o n s )  

a )  T o t a l  movement c u r v e  

T i e b a c k  d a t a :  

Leng ths :  

T o t a l  = 55 f t  . (16.8 m )  

Unbonded = 1 8  f  t .  (5 .5  m) 

Anchor = 37 f t .  ( 11 .3  m) 

J a c k i n g  = 5 f t .  (1 .5  m )  

S h a f t  d i a m e t e r  = 12 i n c h e s .  
Tendon: 6-0.5 i n .  s t r a n d s  
G r o u t i n g :  2.3 yd3  

Note:  

1 t o n  = 8 . 9  kN 
1 i n .  = 25.4  mrn 
1 f t .  = 0.305 m 

1 yd3 = 0.765 rn 
3 

Time ( m i n u t e s )  

b) Creep  c u r v e  f o r  84 t o n  l o a d .  

Figure 113. Proof  test  and c r e e p  c u r v e  f o r  a hol low-s tem-augered  t i e b a c k  
i n s t a l l e d  i n  a n  i n t e r b e d d e d  s t i f f  s i l t y  c l a y  and s i l t y  s a n d .  
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ground ,  r i s k ,  and  t h e  r e l i a b i l i t y  o f  t h e  m o n i t o r i n g  i n s t r u m e n t s .  Xeadings 
s h o u l d  be r e g u l a r l y  t a k e n  d u r i n g  c o n s t r u c t i o n  s o  u n u s u a l  b e h a v i o r  c a n  be 
i d e n t i f i e d  and  c o r r e c t e d  b e f o r e  t h e  c o n t r a c t o r  h a s  l e f t  t h e  s i t e .  Upon 
c o m p l e t i o n  o f  t h e  i n s t a l l a t i o n ,  m o n i t o r i n g  shou ld  c o n t i n u e ,  b u t  a t  a  
d e c r e a s i n g  r a t e .  A t y p i c a l  m o n i t o r i n g  s c h e d u l e  might  i n c l u d e  a check  a t  3,  
6 ,  and 1 2  months .  I f  no u n u s u a l  pe r fo imance  c a n  be  d e t e c t e d ,  t h e  e n g i n e e r  
may d e c i d e  t o  d i s c o n t i n u e  t h e  m o n i t o r i n g  program a f t e r  o n e  y e a r .  

T i e b a c k s  u s e d  f o r  l a n d s l i d e  s t a b i l i z a t i o n  and underground c a v e r n  s u p p o r t  
h a v e ,  on  o c c a s i o n ,  e x p e r i e n c e d  l a r g e  i n c r e a s e s  i n  l o a d .  L a n d s l i d e  
s t a b i l i z a t i o n  t i e b a c k s  s h o u l d  be m o n i t o r e d  i f  t h e  f a i l u r e  s u r f a c e  i s  n o t  
w e l l - d e f i n e d ,  o r  i f  small changes  i n  s o i l  o r  r o c k  s t r e n g t h s  c a u s e  l a r g e  
changes  i n  t h e  t o t a l  t i e b a c k  f o r c e  r e q u i r e d .  A l l  c a v e r n  t i e b a c k s  s h o u l d  be 
m o n i t o r e d .  The m o n i t o r i n g  program i s  p rov ided  t o  d e t e r m i n e  i f  t h e  t endon  i s  
becoming o v e r s t r e s s e d ,  and whe the r  o r  n o t  a d d i t i o n a l  t i e b a c k s  may be  
n e c e s s a r y .  M o n i t o r i n g  of  t h e s e  s t r u c t u r e s  may e x t e n d  f o r  s e v e r a l  y e a r s .  

I n  Germany, t i e b a c k  m o n i t o r i n g  h a s  been  r e q u i r e d  on  e v e r y  permanent  
t i e b a c k  p r o j e c t .  These m o n i t o r i n g  programs have  shown t h a t  i t  i s  n o t  
u n u s u a l  f o r  t h e  t i e b a c k  l o a d  t o  d e c r e a s e  by 1 0  t o  20 p e r c e n t  d u r i n g  t h e  
f i r s t  s i x  months a f t e r  i n s t a l l a t i o n  and t h e n  s t a b i l i z e .  When m o n i t o r i n g  
shows t h a t  t h e  l o a d  h a s  d e c r e a s e d  w i t h o u t  s i g n i f i c a n t  s t r u c t u r a l  
d e f o r m a t i o n s ,  i t  i s  assumed t h a t  t h i s  d r o p  r e s u l t s  from t h e  
t i e b a c k -  - s t r u c t u r e  sys t em a t t e m p t i n g  t o  r e a c h  a n  e q u i l i b r i u m  c o n d i t i o n ,  and 
t e n d o n  r e l a x a t i o n .  When m o n i t o r i n g  i n d i c a t e s  t h a t  t h e  s t r u c t u r e  i s  
deforming and t h e  t i e b a c k  l o a d  i s  d e c r e a s i n g ,  i t  i s  a n  i n d i c a t i o n  t h a t  t h e  
a n c h o r  i s  " c r e e p i n g "  o u t  o f  t h e  ground.  

Tab le  22 c o n t a i n s  a  summary o f  t h e  m o n i t o r i n g  r e q u i r e m e n t s  o r  
recommendations o f  t h e  v a r i o u s  a n c h o r  s t a n d a r d s .  The recommendations c a n  be 
u s e d  as  a  g u i d e  i n  d e v e l o p i n g  t h e  m o n i t o r i n g  program f o r  a p a r t i c u l a r  
p r o j e c t  . 

Cord ing ,  e t  a1  [ 1 2 1 ] ,  and D u n n i c l i f f  and  S e l l e r s  [ 1 2 2 ] ,  have  p r e p a r e d  
d e t a i l e d  manuals  wh ich  d e s c r i b e  t h e  i n s t r u m e n t a t i o n  r e q u i r e d  t o  m o n i t o r  
t i e b a c k s .  These  c a n  be used  a s  a  g u i d e  i n  d e v e l o p i n g  t h e  program and i n  
s e l e c t i n g  t h e  equ ipmen t .  



Table 22. Recommended t ieback monitoring. 

-- . -- A -- - - -- - - 

TIEBACK STAYDAM) 

Sviss Std. 

1571 
- - - - - - - - -- 
Honitoring of deforma 
tions is recommended 
for tiebacks whose 
failures would have 
few serious conse- 
qurnres. but vould not 
endanger public safety 
or order. 

Monitoring of deforma- 
tions is required for 
tiebacks vhose failure 
vould have quite ser- 
ious consequences. 
but vould not endanger 
public safety or order. 

Monitoring of the load 
on 5X of the tiebacks 
is required when a 
failure vould have quire 
serious consequences. 
but would not endanger 
public safety or order. 

Honitoring of the load 
on 10Z of the tiebacks 
is required when a fail- 
ure vould have serious 
consequences and vould 
probably endanger public 
safety and order. 

PTI Recommendat ions 

1591 

In order ro monitor 
tieback load. the 
tendon must remain 
unhondrd. 

Load re115 and ex- 
tensometers are re- 
commended for moni- 
toring. 

The engineer must 
establish the moni- 
toring program. 

German Std. 

1561 

The monitoring re- 
quirements are deter- 
mined by whether the 
perfo-nce of the 
tleback structure can 
be observed, by the 
construction terh- 
niques. and by the 
nature of the soil. 

Honitoring is require' 
if a tieback failure 
vould endanger public 
safety and order. 

Honitorlng is require1 
if the tieback is in- 
stalled in a rohebive 
soil. 

License will specify 
monitoring rcqulre- 
ments for each ticbacl 
system. 

French Recommendat ions 

1531 
- - - - - 

Permanent t irbaiks 
should be mon~tored. 

Structures must be monl- 
tored quarterly for one 
( I )  year after construc- 
tion and monitored annu- 
ally for the next nine 
( 9 )  years. 

The load must be monitor- 
ed on the following num- 
ber of tiehacks 
--I02 of thr first 50 
- - 7: of 5 1 - 1 0 0  anchors 

- -  5 2  of 101 and up. 

The monitoring devicr can 
be an all or nothlng 
device. 

A 2 0 %  variation in load 
should be invest igatrd. 

FlP R e t  ommendntlonb 

[sal 

Lift-off r~ading or load 
:ells tmy b e  required. 

The d~splzcement s of rhe 
srrucrure are required 
to be checked. 

Draft British Code 

I 5 4 1  

Lift-off reading or load 
cells are rrquired for all 
installations vlth a Ser- 
vice life over two ( ? )  
vears. 

Hovcmcnts should he moni- 
rorrd and the design 
should stare the maximum 
ocrmiss~ble movemrnt. 



CHAPTER 11 - CONCLUDING REMARKS 

Exper ience  h a s  shown t h a t  permanent t i e b a c k s  c a n  be e f f e c t i v e l y  
p r o t e c t e d  from c o r r o s i o n ,  and t h a t  t h e y  can  m a i n t a i n  t h e i r  l o a d  c a r r y i n g  
c a p a c i t y  i n  most s o i l s  and r o c k  w i t h o u t  e x c e s s i v e  movement. 

Permanent t i e b a c k s  a r e  being used on p r i v a t e l y  funded c o n s t r u c t i o n  
p r o j e c t s  where t h e  owner, d e s i g n e r ,  and t h e  c o n t r a c t o r  can  work t o g e t h e r  t o  
produce a  w e l l  d e s i g n e d  i n s t a l l a t i o n .  I n  o r d e r  f o r  permanent t i e b a c k s  t o  be 
widely  used on p u b l i c l y  funded p r o j e c t s ,  most d e s i g n e r s  w i l l  have t o  
i n c r e a s e  t h e i r  knowledge o f  t i e b a c k  work, and government a g e n c i e s  w i l l  have 
t o  modify t h e i r  c o n t r a c t i n g  p r a c t i c e s .  

T h i s  r e p o r t  was p repared  t o  p rov ide  i n t e r e s t e d  d e s i g n e r s  w i t h  up-to-date 
i n f o r m a t i o n  concern ing  t i e b a c k  a p p l i c a t i o n s ,  d e s i g n ,  c o r r o s i o n  p r o t e c t i o n  
methods,  s p e c i f i c a t i o n ,  c m s t r u c t i o n ,  and t e s t i n g .  With t h i s  knowledge, a  
d e s i g n e r  shou ld  be a b l e  t o  p repare  a  performance s p e c i f i c a t i o n  which w i l l  
a l l o w  q u a l i f i e d  c o n t r a c t o r s  t o  c o m p e t i t i v e l y  o b t a i n  work u s i n g  t h e i r  
e x p e r t i s e  and p r o p r i e t a r y  sys tems ,  and e n a b l e  t h e  d e s i g n e r  t o  r ev iew t h e  
c o n t r a c t o r ' s  sys tem and v e r i f y  i t s  performance.  

Exper ience  h a s  shown t h a t  i n c r e a s e d  knowledge i n  i t s e l f  w i l l  n o t  
encourage widespread u s e  o f  i n n o v a t i v e  c o n s t r u c t i o n  methods on p u b l i c l y  
funded p r o j e c t s .  The owner must a l s o  modify e s t a b l i s h e d  c o n t r a c t i n g  
p r a c t i c e s  i f  permanent t i e b a c k s  a r e  t o  g a i n  wide a c c e p t a n c e  on government 
work. Re in fo rced  E a r t h  i s  a  good example of one i n s t a n c e  where c o n t r a c t i n g  
p r a c t i c e s  where changed i n  o r d e r  t o  e n a b l e  a n  economical ,  i n n o v a t i v e  
t e c h n i q u e  t o  be w i d e l y  used .  The f o l l o w i n g  changes i n  c o n t r a c t i n g  p r a c t i c e s  
s o u l d  be c o n s i d e r e d  i n  o r d e r  t o  e f f e c t i v e l y  i n c o r p o r a t e  permanent t i e b a c k s  
and o t h e r  i n n o v a t i v e  t e c h n i q u e s  on p u b l i c l y  funded c o n s t r u c t i o n .  

F i r s t ,  t h e  owner must be p repared  t o  pay t h e  a d d i t i o n a l  c o s t s  n e c e s s a r y  
t o  o b t a i n  a  competen t ly  prepared t i e b a c k  d e s i g n  and s p e c i f i c a t i o n .  The 
d e s i g n e r  may r e q u i r e  more t ime  t o  d e s i g n  a  t i e d b a c k  s t r u c t u r e  t h a n  a  
c o n v e n t i o n a l  s t r u c t u r e .  The e x t r a  d e s i g n  c o s t s  shou ld  be o f f s e t  by reduced 
c o n s t r u c t i o n  c o s t s .  

Second, t h e  d e s i g n e r  must be invo lved  d u r i n g  t h e  c o n s t r u c t i o n  o f  t h e  
p r o j e c t .  The d e s i g n e r  on government work o f t e n  i s  r e l u c t a n t  t o  i n c o r p o r a t e  
i n n o v a t i v e  t e c h n i q u e s  i n  h i s  d e s i g n  a s  long  a s  he  i s  n o t  invo lved  i n  t h e  
s e l e c t i o n  of  t h e  c o n t r a c t o r  and t h e  c o n s t r u c t i o n  of  t h e  p r o j e c t .  It i s  n o t  
r e a s o n a b l e  t o  e x p e c t  him t o  p r e p a r e  a  performance s p e c i f i c a t i o n  f o r  a  new 
c o n s t r u c t i o n  method i f  he does  no t  know t h e  t e c h n i c a l  competence of  t h e  
reviewing agency o r  t h e  i n s p e c t o r s .  Normally t h e  c o n t r a c t o r  i s  s e l e c t e d  on 
t h e  b a s i s  of p r i c e ,  and o f t e n  t h e  i n s p e c t i o n  of t h e  work i s  performed by t h e  
owner o r  a n  e n g i n e e r i n g  f i r m  o t h e r  t h a n  t h e  d e s i g n e r .  T h i s  c o n t r a c t i n g  
p r a c t i c e  f o r c e s  t h e  d e s i g n e r  t o  s p e c i f y  e v e r y  d e t a i l  of  t h e  t i e b a c k  sys tem 
and e v e r y  s t e p  o f  t h e  i n s t a l l a t i o n .  The owner t h e n  assumes t h a t  i f  he 
r e q u i r e s  t h e  c o n t r a c t o r  t o  perform i n  accordance w i t h  t h e  s p e c i f i c a t i o n s ,  a  
s a t i s f a c t o r y  i n s t a l l a t i o n  w i l l  r e s u l t .  The o p p o s i t e  i s  o f t e n  t h e  c a s e ,  
because  c o n t r a c t o r s  w i t h  l i t t l e  o r  no e x p e r i e n c e  b id  and o b t a i n  work 
s p e c i f i e d  i n  t h i s  manner. Now, t h e  owner o r  h i s  e n g i n e e r ,  must a c c e p t  
r e s p o n s i b i l i t y  f o r  t h e  performance of  t h e  d e s i g n  i f  t h e  c o n t r a c t o r  compl ies  



w i t h  t h e  s p e c i f i c a t i o n s .  When t h e  c o n t r a c t o r  cannot  i n s t a l l  t h e  t i e b a c k s  i n  
accordance  w i t h  t h e  s p e c i f i c a t i o n ,  o r  t h e  t i e b a c k s  f a i l  t o  c a r r y  t h e  t e s t  
l o a d ,  c l a i m s  and d e l a y s  normal ly  r e s u l t .  

T h i r d ,  t h e  owner must deve lop  e f f e c t i v e  methods of  p r e q u a l i f y i n g  
c o n t r a c t o r s  f o r  d i f f i c u l t ,  i n n o v a t i v e  work i n  o r d e r  t o  o b t a i n  a  s a t i s f a c t o r y  
i n s t a l l a t i o n .  P r e q u a l i f y i n g  c o n t r a c t o r s  based s o l e l y  on y e a r s  of  e x p e r i e n c e  
o r  t h e  number o f  jobs  he h a s  done h a s  n o t  ach ieved  t h e  d e s i r e d  r e s u l t .  The 
most e f f e c t i v e  p r e q u a l i f i c a t i o n  procedure  c u r r e n t l y  used i s  t o  l i s t  t h e  
c o n t r a c t o r s  who w i l l  be a l lowed t o  b id  t h e  work. I n  Chapter  7 a n  a l t e r n a t e  
p r e q u a l i f a c t i o n  procedure  was s u g g e s t e d .  T h i s  procedure  r e q u i r e s  
p r e q u a l i f i e d  c o n t r a c t o r s  t o  submit  f o r  r ev iew by t h e  d e s i g n e r  a  d e s c r i p t i o n  
of  t h e i r  t i e b a c k  sys tem p r i o r  t o  b i d .  The d e s i g n e r  t h e n  would rev iew t h e  
submiss ion and i n f o r m  t h e  c o n t r a c t o r s  i f  t h e i r  sys tem mee t s  t h e  requ i rements  
o f  t h e  s p e c i f i c a t i o n  o r  i n d i c a t e  what changes  would be r e q u i r e d  i n  o r d e r  f o r  
t h e  sys tems t o  be a c c e p t i b l e .  Th i s  t y p e  o f  procedure  p r e q u a l i f i e s  t h e  
c o n t r a c t o r  and h i s  sys tem,  and i t  a l l o w s  t h e  c o n t r a c t o r  t o  u s e  h i s  
p r o p r i e t a r y  t e c h n i q u e s .  

F o u r t h ,  t h e  d e s i g n e r  must a l s o  be i n v o l v e d  i n  t h e  c o n s t r u c t i o n  o f  t h e  
p r o j e c t  i n  o r d e r  t o  v e r i f y  t h a t  h i s  d e s i g n  i s  s a t i s f i e d ,  and he shou ld  be 
a v a i l a b l e  t o  respond t o  changes t h a t  may occur  d u r i n g  c o n s t r u c t i o n .  When 
any new t e c h n i q u e  i s  deve loped ,  t h e  development w i l l  be e v o l u t i o n a r y .  It i s  
i m p o s s i b l e  t o  d e t a i l  t h e  f i n i s h e d  p r o d u c t ,  and e x p e c t  no changes  d u r i n g  
c o n s t r u c t i o n .  The c o n t r a c t i n g  methods must a l l o w  i n c r e m e n t a l  development 
and a d d i t i o n a l  f e e s  f o r  e n g i n e e r i n g ,  o r  t h e  owner must a c c e p t  t h e  f a c t  t h a t  
t h e s e  i n n o v a t i v e  methods w i l l  n o t  be wide ly  used .  

F i f t h ,  t h e  owner must be w i l l i n g  t o  a c c e p t  a  p o r t i o n  of  t h e  r i s k  
a s s o c i a t e d  w i t h  u s i n g  a  new t e c h n i q u e  such  a s  permanent t i e b a c k s .  Th i s  i s  
o n l y  r e a s o n a b l e  s i n c e  t h e  owner w i l l  b e n e f i t  from any  s a v i n g s  r e a l i z e d .  I n  
o r d e r  t o  minimize t h e  r i s k ,  t h e  owner shou ld  encourage d e s i g n e r s  t o  u s e  
permanent t i e b a c k s  on s i m p l e ,  s t r a i g h t - f o r w a r d  p r o j e c t s  where e x p e r i e n c e  can  
be deve loped .  Without t h e  owners encouragement ,  most d e s i g n e r s  w i l l  o n l y  
u s e  permanent t i e b a c k s  when c o n v e n t i o n a l  s t r u c t u r e s  a r e  v e r y  c o s t l y  o r  
p r a c t i c a l l y  i m p o s s i b l e  t o  b u i l d .  Tiedback o r  t ied-down s t r u c t u r e s  a r e  a n  
a l t e r n a t i v e  t o  c o n v e n t i o n a l  s t r u c t u r e s ,  and t h e  most s i g n i f i c a n t  c o s t  
s a v i n g s  a r e  g o i n g  t o  r e s u l t  from t h e  b e s t  s o l u t i o n  t o  r o u t i n e  problems, n o t  
a  un ique  s o l u t i o n  t o  i s o l a t e d  d i f f i c u l t  problems. 

S i x t h ,  t h e  c o n t r a c t  a l s o  h a s  t o  make t h e  c o n t r a c t o r  l e g a l l y  r e s p o n s i b l e  
f o r  t h o s e  p o r t i o n s  o f  t h e  d e s i g n  which he performs.  The owner canno t  expec t  
t h e  d e s i g n e r  t o  be r e s p o n s i b l e  f o r  t h e  c o n t r a c t o r s  work. Experienced 
t i e b a c k  c o n t r a c t o r s  a r e  w i l l i n g  t o  t a k e  t h i s  r e s p o n s i b i l i t y .  

I n  summary, when t h e  work i s  p r o p e r l y  s p e c i f i e d ,  t h e  d e s i g n e r  becomes 
r e s p o n s i b l e  f o r  t h e  s t r u c t u r a l  d e s i g n  and t h e  c o n t r a c t o r  becomes r e s p o n s i b l e  
f o r  t h e  t i e b a c k  m a t e r i a l s ,  c o n s t r u c t i o n  methods,  and c a p a c i t y .  Performance 
s p e c i f i c a t i o n s  e n a b l e  exper ienced  c o n t r a c t o r s ,  who a r e  a b l e  t o  perform and 
w i l l i n g  t o  be r e s p o n s i b l e  f o r  t h e  work, t o  i n s t a l l  t h e  t i e b a c k s .  
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multiunderreamed, 5, 6 (See also Multiunderreamed tiebacks) 
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FEDERALLY COORDINATED PROGRAM (FCP) OF HIGHWAY 
RESEARCH AND DEVELOPMENT 

The  Offices of Research and Development (R&D) of 
the Federal Highway Administration (FHWA) are 
responsible for a broad program of staff and contract 
research and development and a Federal-aid 
program, conducted by or through the State highway 
transportation agencies, that includes the Highway 
Planning and Research (HP&R) program and the 
National Cooperative Highway Research Program 
(NCHRP) managed by the Transportation Research 
Board. The FCP is a carefully selected group of proj- 
ects that uses research and development resources to 
obtain timely solutions to urgent national highway 
engineering problems.' 

The  diagonal double stripe on the cover of this report 
represents a highway and is color-coded to identify 
the FCP category that the report falls under. A red 
stripe is used for category 1, dark blue for category 2, 
light blue for category 3, brown for category 4, gray 
for category 5, green for categories 6 and 7, and an 
orange stripe identifies category 0. 

FCP Category Descriptions 
1. Improved Highway Design and Operation 

for Safety 
Safety R&D addresses problems associated with 
the responsibilities of the FHWA under the 
Highway Safety Act and includes investigation of 
appropriate design standards, roadside hardware, 
signing, and physical and scientific data for the 
formulation of improved safety regulations. 

2. Reduction of Traffic Congestion, and 
Improved Operational Efficiency 

Traffic R&D is concerned with increasing the 
operational efficiency of existing highways by 
advancing technology, by improving designs for 
existing as well as  new facilities, and by balancing 
the demandcapacity relationship through traffic 
management techniques such as bus and carpool 
preferential treatment, motorist information, and 
rerouting of traffic. 

3. Environmental Considerations in Highway 
Design, Location, Construction, and Opera- 
tion 
Environmental R&D is directed toward identify- 
ing and evaluating highway elements that affect 

The complete seven-volume official eutement of the FCP u available from 
the Nationd Technicd Infomation Service, Springfield, V r  22161. Single 
copies of the introductory volume arc available without charge from Program 
Andysu (HRD-3X Officec of Reuarch and Development, Federal Highway 
Administration, Wuhington. D.C. 20590. 

the quality of the human environment. The goals 
are  reduction of adverse highway and traffic 
impacts, and protection and enhancement of the 
environment. 

4. Improved Materials Utilization and 
Durability 
Materials R&D is concerned with expanding the 
knowledge and technology of materials properties, 
using available natural materials, improving struc- 
tural foundation materials, recycling highway 
materials, converting industrial wastes into useful 
highway products, developing extender or 
substitute materials for those in short supply, and 
developing more rapid and reliable testing 
procedures. The goals are lower highway con- 
struction costs and extended maintenance-free 
operation. 

5. Improved Design to Reduce Costs, Extend 
Life Expectancy, and Insure Structural 
Safety 
Structural R&D is concerned with furthering the 
latest technological advances in structural and 
hydraulic designs, fabrication processes, and 
construction techniques to provide safe, efficient 
highways at  rsasonable costs. 

6. Improved Technology for Highway 
Construction 
This category is concerned with the research, 
development, and implementation of highway 
construction technology to increase productivity, 
reduce energy consumption, conserve dwindling 
resources, and reduce costs while improving the 
quality and methods of construction. 

7. Improved Technology for Highway 
Maintenance 

This category addresses problems in preserving 
the Nation's highways and includes activities in 
physical maintenance, traffic services, manage- 
ment, and equipment. The goal is to maximize 
operational efficiency and safety to the traveling 
public while conserving resources. 

0. Other New Studies 
This category, not included in the seven-volume 
offkial statement of the FCP, is concerned with 
HP&R and NCHRP studies not specifically related 
to FCP projects. These studies involve R&D 
support of other FHWA program office research. 




